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Chapter 1
Introduction
A solid understanding of the pathways of energy flow in the ocean is of fundamental
importance to our understanding of oceanography. The details of where and how
this energy is dissipated internally have major implications for ocean circulation and
climate.
Energy is transfered across the sea surface by the tides, winds, radiatively and
through mass fluxes (evaporation/precipitation). In the ocean, energy can be moved
in transient waves, or with the large scale (quasi-)steady circulation. The merid-
ional overturning circulation moves enormous amounts of heat energy (-2000 TW)
poleward, keeping large areas of the earth inhabitable.
In order for the overturning circulation of the ocean to be maintained over long
time scales, it is clear that density properties of the light surface waters must be
mixed down into the oceanic abyss [Munk 1966, Munk and Wunsch 1998]. In fact
the density structure of the oceans give us a constraint on the total abyssal mixing
that must be taking place. Munk and Wunsch [1998] calculated that on some gross
global scale, 2.1 TW (terawatts) of mixing must be taking place in order to maintain
the mean stratification of the oceans against an estimated 30 Sverdurps (Sv) of deep
water formation.
This calculation suggests a surprising picture of the oceanic energy budget in which
enormous meridional energy fluxes are controlled by comparatively tiny amount of
energy input into mixing.
The next logical question is then, where is the mixing taking place*?
A credible schematic for how the density structure of the ocean is maintained is
as follows:
1. Work is done on the ocean by the tides and winds.
2. Some portion of this energy may be converted locally into turbulent motions,
while some other portion is carried by internal waves for some distance through
the ocean.
3. The energy in these internal waves is converted through some turbulent pro-
cesses (instabilities due to interaction with boundaries, wave-wave interactions,
variable vertical density structure, etc.) into reducing the local vertical density
stratification of the ocean.
4. Larger scale advective processes act to restore the density stratification in a
time mean sense.
We would like to put some numbers on each of these steps. A complete picture
of the energy budget of the ocean would quantify not just the magnitude (and time
variability) of each of these processes, but also the spatial distribution of each process.
The total dissipation of energy by the tides, 3.7 TW, is well known from astronomy.
The spatial distribution of this dissipation is less well known. Egbert and Ray [2000]
estimated from satellite altimetry that about 1 TW occurs in the deep ocean. If
correct, this would mean that up to about half of the mixing energy required to
maintain the abyssal density structure against advection could be coming from the
tides. The other half presumably comes from the winds.
We have chosen to concentrate on the question of the spatial structure of mix-
ing. There are several ways to approach this question. Geophysical fluid dynamics
arguments can be used to predict the circumstances that will create mixing. Mod-
eling studies may elicit more clearly the implications of these geophysical arguments
(computational limits become an issue here if someone wished to approach the global
internal wave energy budget from this perspective). Direct analysis of oceanographic
measurements give us a direct estimates of the energy budgets, though the sparsity of
data, along with the high signal to noise ratio in most of the available data means that
direct estimates will necessarily come with large uncertainty estimates. Eventually
we will reach the point where the modeling and data approaches can be combined
with an assimilation approach, though that is computationally still some time away.
Within the approach of estimation from data, four obvious sets of data present
themselves as relevant to constraining this budget.
1. Estimates of mixing from tracer release experiments and from measurements of
the fine scale density structure of the ocean.
2. Estimates of the internal wave field from acoustic studies.
3. Satellite altimetry estimates of the (small) internal wave surface signal.
4. Estimates of the internal wave field from moored buoy measurements of current
and temperature fluctuations.
Let us look briefly at the results from each of these approaches.
Ocean Micro-structure and Tracer Release Studies
Fine scale (order centimeters) measurements of the ocean vertical structure reveal
high gradient regions only a few centimeters thick with timescales of order five min-
utes [Osborn and Cox 1971]. A quite remarkable instrument developed at the Woods
Hole Oceanographic Institution (WHOI), called the High Resolution Profiler mea-
sures temperature, salinity, horizontal velocity and fine scale turbulence as a function
of depth, when dropped through the water column [Polzin et al. 1997]. These mea-
surements allow a direct estimate of local mixing rates. Local release of passive tracers
into the ocean also allow an estimate of diffusivity in the ocean. The geographical
distribution of fine scale mixing has been an important question in oceanography
for some time, partly because, observed mixing rates in the ocean have been much
smaller than what has been calculated as necessary to maintain the observed large
scale structure. Polzin et al. [1997] found from tracer and micro-structure measure-
ments in the deep Brazil Basin that turbulent mixing correlates highly with bottom
roughiness. They found that turbulent mixing was weak at all depths above the
smooth abyssal plains with a diapycnal diffusivity less than 0.1 x 10" . In areas
above rough bathymetric features (i.e. the Mid-Atlantic Ridge), mixing rates were
found to be very large throughout the water column, with the highest rates generally
deeper in the water column. In the bottom-most 150 meters they found the diffusivity
exceeded 5 x 10"'. Two explanations present themselves to explain this elevatedsee
mixing rates near regions of rough bathymetry, both of which are probably true.
First, the presence of rough bathymetry can set up wave processes which may
transfer energy into turbulent mixing. The barotropic tide passing over a region of
rapidly changing bottom depth will lose some of it's energy to baroclinic processes
(for example Baines 1973,1974,1982). Baroclinic waves can lose energy to mixing by
a variety of processes, not the least of which is interaction with rough bathymetry.
Second, bathymetric features can separate water masses of different densities. When
the denser water flows over a ridge, or through gaps in it, rapid currents may produce
large shears and consequently lead to turbulent mixing. Polzin et al. [1996] observed
intense vertical shears and turbulence across the Romanche fracture zone, a large
offset in the Mid-Atlantic Ridge where Antarctic Bottom Water spills from the western
Atlantic basin into the eastern basin.
Acoustic Studies
Long range acoustic reciprocal travel times have been used (for example Dushaw et
al. [1995], Alunk et al [1981], Weinberg et al. [1974]) to estimate barotropic and
baroclinic tides. Acoustic transmitters and receivers separated by hundreds or even
1000's of kilometers simultaneously emit an acoustic pulse. The difference in travel
times between these pulses is attributed to Doppler shift associated with motion of
the medium, and currents can be inferred. These instruments may be mounted oin
moorings or fixed to a coastal location. Dushaw et al. [1995] inferred the baroclinic
tide using data from the 4-month long 1987 Reciprocal Tomography Experiment in
the North Pacific about 15 deg north of Hawaii. They inferred from the acoustical
data that the baroclinic tide had about 8% of the energy of the barotropic tide.
However, from a simultaneous current meter mooring in the same area, they inferred
the baroclinic tide has 26% the energy of the barotropic tide. They interpret the
acoustical estimate as a lower bound.
Moored Acoustic Doppler Profiling current meters are also being used increas-
ingly to sample the water column. These instruments bounce acoustic signals off
of particulate or organic matter to infer a water velocity profile. These instruments
have the advantage of giving higher resolution profiles and typically being able to
survive for longer periods of time in the ocean than mechanical current meters. It is
probable that the future of moored current buoy measurements will be with acoustic
instruments [Frye et al., 2002].
Satellite Altimetry
Satellite altimetric measurements have been used to estimate:
1. The spatial distribution of energy flow out of the barotropic tide (presumably
into the baroclinic tide and local turbulence), and
2. The spatial distribution or energy in the baroclinic tide.
Egbert and Ray [2000] used Topex/Poseidon (T/P) altimetry data to estimate the
spatial distribution of flow of tidal energy out of the surface tide. They suppose that
in a given region the rate of work done by astronomical forcing, minus the divergence
of the energy flux, is equal to the rate that energy leaves the surface tide. Maps thus
produced show roughly one third of the energy leaving the A 2 surface tide in the
interior ocean (the other 2/3 in shallow seas and shelves). Interior sinks of surface
tide energy are concentrated around ridges and sea mounts, in particular the mid-
Atlantic ridge, Hawaii, the Tuamoto Archipelago, the Mascarene ridge, Micronesia
and the west Pacific trench region.
Egbert and Ray's result, with energy leaving the barotropic tide above ridges,
sea mounts, shallow seas and shelves, is consistent with theoretical models which
demonstrate that a barotropic wave passing over steep bathymetry will excite internal
waves (i.e. Baines 1973,1974 and 1982).
As the barotropic tidal forcing is steady in time, to the extent that the density
structure of the ocean is constant in time (and absent time variable wave-wave inter-
action) the component of the baroclinic tides generated at steep bathymetry should
be phase locked to the barotropic tide. Of course neither of these conditions actually
holds. However it is reasonable to expect some fraction of the baroclinic tide gener-
ated at these locations to stay coherent with the forcing.
Barotropic tidal elevations have been estimated from Topex/Poseidon sea surface
heights by Schrama and Ray [1994], Le Provost et al. [1995], and Shum et al. [1997],
and are believed to be known for most of the ocean to 2-3 cm accuracy, though
shallow-water and coastal regions are still problematic (e.g. Anderson et al. [1995].
Barotropic tidal currents are somewhat more problematic. They have been esti-
mated by assimilation of T/P data and numerical models (e.g. Kantha [1995], Ray
[2001]).
Internal Tide Observation from Altimetry
It is somewhat surprising that baroclinic tides can be seen at all in satellite sea surface
height data.
Traditionally, theoretical treatments of iiiternal waves approximate the surface as
a rigid lid, and so we tend not to think of there being a sea surface signature for
internal waves. The ocean surface is not, however, rigid. A two layer model of the
ocean predicts an internal wave surface manifestation of order L ~ 10-3 x A , where
P0
A is the amplitude of the wave on the internal interface and Ap is the difference in the
densities of the two lavers. Internal waves have been measured with amplitudes of at
least 150 meters Morozov[1995], implying a surface amplitude of 15 cm, though this is
clearly an extreme case. Perturbations to the sea surface from baroclinic tides are too
small to see in an individual T/P pass due to noise. Ray and Mitchum [1996,1997],
however, found that by using the entire length of the record (3-4 years at the time
of their study) they could remove enough of the background noise outside the tidal
frequencies to clearly see the component of internal tides which are coherently phase
locked to the barotropic tide. They used T/P long-track data and relied on the fact
that baroclinic tides have a much shorter horizontal wavelength than barotropic tides
to separate the two signals. That is, the short wavelength variability along a satellite
track was called the baroclinic signal. Because we have theoretical predictions for the
horizontal wavelength of each baroclinic mode, they were actually able to identify the
first and second mode A 2 baroclinic signal.
One would expect that variability in the density structure of the ocean is liable
to reduce the amount of energy visible in internal tides in this type of analysis, as
incoherent signals will tend to cancel or smear each other out in the compositing
process. Thus it is likely that any calculations of energy content and fluxes from this
type of analysis will provide a lower bounds.
Kantha and Tierney [1997] using the orthotide and harmonic analysis methods,
estimated that the total energy in the global A 2 baroclinic tide is 50 PJ. They then
used currents from a high resolution model to estimate the energy and dissipation
rate of the Al 2 , S 2 and K1 baroclinic tides, tuning the model to get the 50 PJ in the
M12 baroclinic tide right. They estimated 8 PJ in the total S2 first mode baroclinic
tide and 15 PJ in the K1 first mode baroclinic tide. The total energy in all first
mode baroclinic tides is estimated as 90 PJ, or 16% of the total energy in all the
barotropic tides. These estimates are considered likely to be underestimates based
on the formulation.
Mooring Studies
Hendry [1975,19771 looked at internal tides in the MODE-i array of moorings and
at moorings in the Site-D region, near the New England continental slope. Site-D is
presumably close to the generation region for internal tides (the continental slope).
At Site-D, he found significant phase locking between the Ml2 baroclinic currents and
the equilibrium tide and evidence of energy propagation away from the continental
slope. He found that the M2 baroclinic energy density is about 40% as great as the
total barotropic energy density, but that the internal tides have more kinetic energy.
The MODE-1 array was deployed in the Hatteras abyssal plain, a region of smooth
bottom bathymetry, and far from any obvious internal tide generation regions. Hendry
[1975] found that the M12 internal tide derived from temperature fluctuations was
significantly phase locked to the equilibrium tide. He estimated that 84% of the
coherent A 2 baroclinic energy was in the first mode, 4% in the second mode and 12%
in the third. He also found that about 50% of the main thermocline temperature
variance in the MI2 band was coherent with astronomical forcing.
Other studies have found less coherence of internal tides with the equilibrium tide
(i.e. Radok et al. [1967], Magaard and Mckee [1973]).
Noble [1975] found evidence of vertically propagating energy in the IWEX tri-
moor, located in the northwest Atlantic. Despite the fact that modal decomposition
is not strictly appropriate in this instance, she decomposed the measurements into
vertical modes. She estimated that 62% of the temperature signal was in the first
baroclinic mode, with most of the rest in the second mode. The current decomposition
was less clear (reliable estimates could not be determined), but there appears to be
about twice as much energy in the first baroclinic mode as the second and third
combined, with perhaps equal energy in the second and third.
Holloway and Chatwin [2001] observe strong internal tides in a series of moorings
along the Australian north west continental shelf and slope. They find evidence of
strong generation and mixing along this shelf.
Chiswell and Moore [1999] examine internal tides in the WOCE PCM-9 array
extending 1000 km eastward from the Kermadec Ridge northeast of New Zealand.
They estimate the the ratio of barotropic energy to first mode baroclinic energy in
the A 2 band as 0.13 and 0.24 over the ridge and farther east in the interior of the
array respectively.
Chapter 2
Methodology
We attempt to make an estimate of energy present at the tidal frequencies as a
function of dynamical mode in several hundred buoy moorings. When possible we
estimate the vertical structure of both horizontal kinetic energy and of potential
energy associated with vertical displacements.
Data
Moorings
We look at data from moored buoys whose data was archived in the WHOI buoy
archive. Note that even for archived moorings, often only the instruments on the
mooring that were specifically processed by WHOI researchers is in the archive, and it
is necessary to contact other institutions to obtain data from other instruments on the
same mooring. For example, for the early experiments done with MIT's temperature
and pressure recording instruments in the MODE era, the temperature and pressure
records are only available from MIT, not the WHOI archive. Future researcher should
take care to consult the original WHOI buoy group data reports for each mooring
to ensure that they have all the instrumental records available for a given mooring.
Figure 2-1 shows a typical mooring used in this study. A weight is anchored to the
ocean floor which serves to hold the bottom of the mooring stationary. Up to several
kilometers of cable are attached to the anchor which is suspended in a vertical column
by floats. Instruments which measure temperature, current and/or pressure (and
often other attributes as well) are attached to the cable at various distances along the
cable. The purpose of using moored data is to obtain time-series at relatively fixed
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Figure 2-1: A sample mooring configuration.
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locations in the ocean. The time-series are not from precisely fixed locations because
strong currents can cause the moorings to lean over so that the mooring is sampling a
deeper region of the water column when currents are strong. In some cases (especially
in the earlier moorings) the entire mooring has moved significant distances between
deployment and retrieval, the bottom weight apparently having been dragged along
the bottom by strong currents. When multiple instruments are placed on the same
mooring, we can start to construct a picture of that the water column is doing.
Types of Instruments
As different types of temperature, pressure and current meters have been used over
the years the reader is referred to the original data reports (appendix 1) for the
individual instruments used on each mooring. Most moorings have more than one
different type of instrument on them.
The common types of instruments used are:
VACM - Vector Averaging Current Meter - Measures current,and time.
Technical information - Fofonoff and Erean (1967), McCullough (1975) Payne
et al. (1976) and Dean (1979). Comparison with VMCM given by Halpern et
al. (1981).
Built by AMF Sea Link Systems (later changed to EG&G SeaLink Systems).
Typically is modified with voltage to frequency converter(v/f) to also measure
temperature (accurate to about .01 /degC, Payne et al. 1976, Tarbell et al.,
1979).
VMCM - Vector Measuring Current Meter - Measures current, and time. Techni-
cal Information - Weller and Davis (1980), comparison with VACM given by
Halpern et al. (1981). Typically is modified to measure temperature in same
manner as VACM.
Model 850 Current Meters - Measures current and time - Typically modified to
also record temperature in same manner as VACM. Built by Geodyne (later be-
came part of Egerton, Germeshausen & Grier(EG&G)). Technical information
- Webster (1968)
Aanderaa Current Meters - Measures current, temperature and time - Technical
information - Aanderaa (1983,1987).
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Figure 2-2: Eastward component of current for four current meters on mooring 545
T/P - Temperature Pressure Recorder - Measures Temperature,Pressure and Time.
Developed at MIT Draper Laboratory for MODE-1.
Temperature resolution of .001 *C[ Wunsch and Dahlen, 1974].
CTD
The vertical density and temperature profile is estimated from the HydroBase2 database
gridded data developed and maintained by Ruth Curry at the Woods Hole Oceano-
graphic Institution (http://www.whoi. edu/science/PO/hydrobase/). Climatological
profiles are used to estimate the buoyancy frequency and the vertical temperature
gradient as a function of depth.
Pre-Screening of Data
We looked at data from all the moorings recorded in the WHOI archive. Ideally
a mooring would have at least one instrument between each node of each mode
which had a significant amount of energy. In practice we settled for moorings with
at least three instruments measuring the same variable (temperature or current) in
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Figure 2-3: Temperature records for instruments on mooring 545
distinct depth ranges of the water column. Many instruments were excluded based
on visual examination because of data quality issues. For example, Figure 2-2 shows
current records from the four current meters on mooring 545. The lower two panels
(instruments 4 and 5) show evidence of rotor malfunction.
In determining the vertical structure of current and temperature fluctuations, we
chose to only use records that were taken simultaneously at various levels in the
vertical. Since we are interested in a tidally forced phenomenon, this was not strictly
necessary. That is, since the process we are interested in is theoretically steady in time,
we should be able to use record pieces at different levels in the vertical from different
time periods to constrain the vertical structure of motion at a given frequency. We
choose however, to group records which were measured simultaneously on the same
mooring. If we want to look at the same set of instruments for the duration of our
analysis of each mooring, there is a trade off between using a longer record length and
using more instruments in the vertical. A judgment call was made in each case as to
when the additional vertical resolution made it worthwhile to include an instrument
with a shorter recording time in the analysis. For example, on mooring 649 (Figure 2-
3) we chose to exclude instrument 6 from the temperature analysis because the record
Moodngs Used In This Study
Figure 2-4: Distribution of moorings used in this study
was very short relative to the rest of the records on that mooring. However, we chose
to include the record from instrument 5, even though this shortened the record length
considered significantly, because this was the only record between depths 726 meters
and 4018 meters.
Figure 2-4 shows the moorings that were determined to have enough data to
justify attempting a decomposition of the vertical structure, though for some of these
moorings we used only temperature OR current, not both.
Determining the Barotropic Tide
Three methods were used to estimate the barotropic tide. These were: 1. Vertical
Averaging of Tidal estimates from individual instruments 2. The Harmonic Method,
also with vertical averaging 3. Simultaneous estimation of barotropic component with
baroclinic tidal component.
We discuss methods 1 and 2 here. We discuss method 3 below when we write
down the equations for the modal decomposition.
Tide Astronomical Freq Closest Fourier Freq
(cycles/hour)
Q1 0.03722 0.03750
01 0.03873 0.03889
P1 0.04155 0.04167
KI 0.04178 0.04167
N2 0.07900 0.07917
M2 0.08051 0.08056
S2 0.08333 0.08333
K2 0.08356 0.08333
Table 2.1: Some
Day Record
Astronomical Tidal Frequencies and Fourier Frequencies for A 30
Tide Tide Days To
A B Separate
K2 S2 183
S2 M2 16
M2 N2 28
K1 P1 184
P1 01 16
01 Q1 28
Table 2.2: Days To Separate Some Tidal Components
Barotropic Tide From Vertical Mean
First we take the naive approach and assume that our best estimate of the barotropic
tide is a simple vertical average of the tidal current at each level in the vertical.
We average each record in the vertical to get a 'vertical mean record'. If x(t,,) is
our vertically averaged dynamical variable (current(u or v), or temperature(t)) and
n = 1, 2, 3, ..., N then we Fourier transform x and normalize
(2.1)
for, fr = 0, Ndt ., 2dt
We chop our records up into pieces of length such that the significant tidal fre-
quencies are close to the resolved Fourier frequencies. Thirty days is chosen as a
X frn) = x(t",) e*""/"f-dt
Figure 2-5: Hypothetical vertical velocity profile constructed by a weighted sum of
the first four baroclinic modes. Note that though there is no barotropic signal in
this profile, an estimate of the barotropic signal made by averaging the values at the
four instruments (the red dots), would put a large portion of the total energy in the
barotropic mode
standard "record piece" length because:
1. It puts the tidal frequency components we expect to be large reasonably close
to the resolved Fourier frequencies (see table 2.1).
2. It is long enough to separate the N2 and M2 tides (see table 2.2).
3. It is short enough that we can typically make several independent estimates
(from sequential data) of the barotropic tide at a location.
From the phase of the Fourier coefficients at the tidal frequencies, we calculate
the Greenwich epoch of the tide. This is the phase lag between an observed crest
at a given point and the preceding peak in forcing at the prime meridian. I.e. we
represent a particular tide as
y = f H cos(E(t) - k)
where E is the equilibrium constant at Greenwich, England, fH is the amplitude
(f(t) is the slowly varying nodal correction factor) and k is the Greenwich epoch. E
and f are given in Table 14 and 15 in the back of Schureman [1958] and are calculated
by the t-tide package [Pawlowicz et al., 2002].
We refer to four slightly different estimates of the barotropic tide estimated with
this method. In Method A average each of our current records from a single mooring
in the vertical, divide the record up into 30 day pieces, and then estimate the tide for
each record piece. Method B is the same except that we do not chop the record up into
30 day pieces. Instead we truncate the entire record to the longest multiple of 30 days
possible and use the entire remaining record as one piece, increasing our frequency
resolution. Method C is like method A except that we depth weight the vertical mean
according the amount of water column each record is supposed to represent, so that
instruments that are very far away from other instruments are weighted more heavily
that instruments that are very close to other instruments. Method D is like method C
except that once again we transform the entire record length as one piece (truncated
to a multiple of 30 days), rather than breaking the record into 30 day pieces.
The problem with using a vertical mean to represent the barotropic component
is that with a sparse vertical sampling, it is quite easy for baroclinic motions to look
like barotropic motions. For example, consider a hypothetical velocity profile like
that given is figure 2-5. The current profile given in this picture is purely baroclinic.
However if sampled by instruments at the depths indicated by the red stars, we might
infer that much of the kinetic energy was in the barotropic mode. What would be
even worse is that if we tried to fit the residual current profile (after subtracting
the 'instrumental vertical mean' barotropic current) to a set of dynamical modes, we
would get an equally incorrect picture of the barotropic structure. This results from
the fact that the vertical modes, when sparsely sampled, are not orthogonal as they
would be if we had continuous sampling in the vertical.
Harmonic Method
We also estimate the barotropic tide using the harmonic method as implemented by
the ttide package [Pawlowicz et al., 2002]. This implementation is based on the
classical harmonic method of tidal analysis presented by Foreman [1977,1978] and
Godin [1972]. Once again, we average in the vertical to get a 'vertical mean' record
and then perform our analysis on this mean record. With method G we analyze
the record in 30 day pieces and then average our results whereas with method H we
analyze the entire 'average time-series' as one piece.
Modal Decomposition
Modal Structure
Given a vertical density profile (from CTD data) we solve for the set of dynamically
relevant modes following Wunsch and Stammer [1997].
starting with the equations of motion:
OU 1 ap'
- fV -_ = - (2.2)at po ax
ov 1 Op'
+ fu = (2.3)
at po Oy
1 ap' g '0 _ = (2.4)po az Po
oua &v Ow
+ + = 0 (2.5)Ox Oy az
p+ =0 (2.6)
at Oz
where,
f is the Coriolis parameter
p' is the perturbation density
p' is the perturbation pressure
po is the mean density of seawater
define the buoyancy frequency as
N 2 9 po (2.7)
Po Dz
We separate ut,vt,wt and pt into a set of vertical modes,
ut (x, Y, Z, t) = Ut (x, y, t) F(z) (2.8)
V, (x, Y, Z, t) =_ V (x, y, t) F(z) (2.9)
Wt (X, y, z, t) - Pt(x, y, t)G(z)
pt(x, Y, z, t) = poPt (x, y, t)F(z) (2.11)
We treat all motions as time periodic so that the time dependence of Ut,Vt and
P, goes like e- t. Substituting into the dynamical equations we get two equations
relating F and G.
io dF(z)
G(z) = (2.12)N 2(z) dz
G(z) 
-ioa- 2F(z) (2.13)dz
where -2 is a separation constant. Note that the relation between F and G is
frequency dependent. G, the shape function representing vertical velocities, can be
trivially transformed to G1 , the shape function representing vertical displacement,
G1(z) = (2.14)
and it turns out that the relationship between G1 and F is not frequency depen-
dent, making it somewhat computationally easier to deal with.
Equations 2.12,2.13 and 2.14 are solved using hydro-station data and the haskell-
thompson method, by a matlab routine adapted from Carl Wunsch's modesl.m rou-
tine.
Figure 2-6 gives the shapes of the dynamical modes for a sample hydro-station.
Gauss-Markov Frequency Domain Formulation
We use hydrocast data to convert temperature oscillations to vertical displacements
(ht), transform u, v and h to the frequency domain and then write (at fixed x,y):
ui(f) =U,(f)F(zj) (2.15)
vi (f ) =t (f ) F(zi) (2.16)
hj (f) = Hsr(f)G1(zj) (2.17)
(2.10)
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Figure 2-6: Shapes of first four baroclinic modes for a sample hydro-station
where i and j are the instrument numbers for current and temperature recording
instruments respectively, and the m indices represent individual modes. The equa-
tions 2.15 and 2.16 represent a system of 2 imax equations and 2nmax unknowns, while
equation 2.17 represents jma equations with nma2 unknowns.
We use the Gauss-Markov method to solve equations 2.15, 2.16 and 2.17. The
Gauss-Markov solution gives the estimate of the unknowns which deviates as little
as possible in the mean square from the true solution [Wunsch 1996], and requires
that some a-priori statement be made about the covariance structure of the expected
solution and of the noise.
In the notation of Wunsch [1996] we write
Ex+n=y (2.18)
Where,
. ........... .
x is a column vector containing the argument for each mode (UmVrn and Hmn)
E is a matrix containing the modal structures functions (F, G1 or both)
n is a column vector representing noise at each instrument
y is a column vector containing the observed quantities (un, v, and hi)
The Gauss-Markov solution is then
R = R22ET(ER22ET + R t)-y (2.19)
ii {I - ERxxET (ERxET + Rt--1 } y (2.20)
P = R22 - R2tET (ERxxET + Run)- 1ERx (2.21)
P=rt {I - ERx2ET (ER22ET + Rn)' } R11 {I - ER22ET (ERxET + Run)- 1
(2.22)
where,
i is our estimate of the "true" solution (x)
ii is our estimate of the "true" noise (n)
P is the solution uncertainty matrix (< (i - x)(i - x)T >)
Pnn is the noise uncertainty matrix (< (i - n)(i - n)T >)
R22 is the prior moment matrix for x (< xxT >)
Rnr is the prior moment matrix for n (< nnT >)
We need to make some a-priori assumptions about the statistics to write down
R22 and Ran. Theoretical as well as observational studies suggest to us that energy
should be concentrated in the lower modes, since the higher modes tend to attenuate
quickly. We take as an initial guess that the barotropic mode and the first, second,
and third baroclinic modes have relative energies of 1,0.2,0.1,0.05, and 0.025, based on
the observation that previous studies that have found the ratio of first mode baroclinic
to barotropic energy to often be in the 10%-20% range, with lower energy levels in
the higher modes. We also assume no particular correlation between the different
modes. Thus,
R22 = E 2diag ([1 0.2 0.1 0.05 0.025]) /1.375 (2.23)
where E2 is the total energy in the records calculated from y.
The value to use for R., is less clear. Initially we took the nominal instrumental
error, generated a time-series or random 'noise' from sampling randomly from a Gaus-
sian with a variance equal to the reported instrumental error, Fourier transformed
the 'synthetic noise' to get an implied instrumental noise in frequency space. (We
did this many times and averaged to get a stable number). This produced an ex-
tremely small expected noise level and we worried that this would lead to over-fitting
of equations 2.15,2.16 and 2.17. This low level of noise seemed unrealistic considering
that a) instrumental noise is probably not a white noise process b) changing thermal
structure of the water column is likely to introduce error into the temperature to
vertical displacement calculation c) mooring motion introduces additional error into
y which is difficult to correct for. We experimented with various Rn's and eventually
chose to assume that the instrumental error in frequency space was about 10% of the
nominal instrumental uncertainty in the time domain.
Interpretation of Results
One estimate was made for each 30 days of record for each mooring. Results were
converted into an amplitude and an epoch, and individual estimates were averaged
to give a 'best' estimate.
Energy Estimation
For any mooring for which we have at least 60 days of usable record we have more
than one estimate of the modal distribution of energy for each resolved tide.
If we have q'max estimates for each U, V, and HL then the mean kinetic energy
density associated with zonal motions in that mode is given by
EU 4H"'|2fFdz (2.24)
likewise the mean kinetic energy associated with meridional motions and the mean
potential energy associated with vertical displacements are given by,
EVrt 4H 2 i F dz (2.25)
EH - H I|2fGIN2dz (2.26)t 4Hb jz
Error estimates were done it two ways. Each estimate of U, 1, and H is calcu-
lated with an estimated uncertainty. The diagonal elements of P give the expected
values of U , and H , where 6U,, is the deviation of the estimated Un from the
true Un.
Error Estimate Method 1
In method 1, we use our estimates of 6U , 6V2 and H,, assuming that errors are
independent and random. Then
I"" (onax)2
-Uq = a U) 2  (2.27)
q~max - 1
where qma2 is the number of estimates we have for each resolved tide.
We assume the error is a two dimensional Gaussian. The 90% confidence interval
in the amplitude of U is then given by
Un ± 1.635 x Us, (2.28)
while the 90% confidence interval in epoch is given by,
phase sin-1 1.635 x , (2.29)
Error Estimate Method 2
In method two, we ignore the solution uncertainty matrix (P) and treat each of
our qm a estimates of U, V and H as independent estimates of the 'true' values.
Again assuming the errors are 2-D Gaussian and taking the standard deviation of
our estimates as the standard deviation of the error, the 90% confidence interval for
method 2 is given by,
U± 1.635 x std(U.,) (2.30)
and the 90% confidence interval in epoch is given by,
phase (U ) ± sin- 1 (1.635 x Uu , (2.31)
Consistency Relations
Instrument Consistency Relations
We wish to test whether the instrumentally observed motions at tidal frequencies are
consistent with internal wave dynamics. Following Fofonoff [1969] we consider solu-
tions to the equations of motion (equations 2.2 - 2.6) which take the form ei(wt+kx+y+mz)
(wave solutions). Solutions of this form exist provided:
W2(k2 + 12 + n 2 ) =N 2 (k2 + 12) + f 2 , 2  (2.32)
transforming the equations of motion into frequency space and solving for kinetic
and horizontal potential energy it is found that:
(Eh N 2 W 2(j Ki(w,N,f) (2.33)
H K E )theor y PUU + PV hor e, 2_w2x
K1 (w, N, f) is the theoretical ratio of potential energy to kinetic energy for internal
waves as a function of frequency, latitude and local stratification. For semi-diurnal
and diurnal frequencies this value is typically close to one. Note that on a given
mooring, for a given frequency, K1 will vary with depth in the water column.
We can also evaluate this ratio from data evaluating P,, Pv, and Phh
Ptu (uu*) (2.34)
Pa = (ov*) (2.35)
Phh (hh*) (2.36)
where u,v and h are the transforms of current and vertical displacement and u*
represents the complex conjugate of u.
then,
PE N hh(2.37)
HKE observed P- a + oPIseVeV 2.e37)
We define the instrumental energy ratio consistency as
( FE
CONI A -= K theory (2.38)
HK E ) observed
which will be equal to one when observations exactly match theory.
For horizontal current records two additional consistency relations also calculated
by Fofonoff [1969] are calculated. Collinear coherence is given by
2 (u~ _n3 pt 4p 2 _ f 2 )2C = (Plu + 4)+4Fv 2 (2.39)
where the observed quantity is calculated from the equality, and the theoretical
quantity is calculated from the term after the inequality. Note that the theoretical
quantity defines a limiting curve, which is achieved when the incident wave is a plane
wave incident from a single direction. With multiple incident waves of the same
frequency, the value should be less than the theoretical limiting curve.
We also define a rotary coherence,
4Q2
( = (P. + )2  (2.40)
(w 2 + f 2)2  (2.41)
where the Co-spectrum (PVt) and quadrature spectrum (Quv) are given by:
PI = !R((uv*)) (2.42)
Q-V = a((Uv)*)) (2.43)
We define the rotary and collinear coherence consistency ratios as
CONIC (C% )"bs (2.44)
(C ) theory
CONID (CL) obs (2.45)
(C2 t)theory
Modal Consistency Relations
We can not directly apply the instrumental consistency relations to the modal es-
timates because the buoyancy frequency (N), which is a constant in equations 2.33
and 2.37, varies greatly with depth. It is, however, possible to derive consistency
relations for modal structures by integrating in depth.
Consider,
PE(w, z) -K1 (w, z) = HKE(w, z) (2.46)
integrating through the water column gives
J PE(w, z) -K1 (w, z)dz J HKE(w, z)dz (2.47)
substituting the modal structure for the energy terms gives,
j.N2(z) (G1(z)H(w)) (G1(z)H*(w)) -K1(w, z)dz (2.48)
J (F(z)U(w)) (F(z)U*(w)) dz (2.49)
+ j(F(z)V(w)) (F(z)V*(w)) dz (2.50)
but H, U and V have no depth dependence so we can pull them out of the
integrands,
N 2 (z)G (z)K1(w, z)dz = (|U 2 | + |V2|) F2(z)dz
SU2|+V21
\ H|2 ) theory
z N2 (z)G (z)K1(w, z)dz
zf F2 (z)dz K2
where K1 is defined in equation 2.33
The energy ratio consistency of the modal solution is then defined as
CON M= ( U12 2  , K2|H | 2
and will be one if the modal solution exactly matches theory.
IH 12
so,
(2.51)
(2.52)
(2.53)
Chapter 3
Results
Because of the large volume of data used in this study, there is necessarily a large
body of results. The appendices tabulate results for the M12 tide. Results for other
tides will be posted at http://puddle.rnit.edu/ zan/moorings. Here we present some
global and regional fields for our decompositions. A number of interactive Matlab
programs have been written which allow the results to be examined interactively in
more detail than is practical here and are available by request from the author.
Barotropic Tides
The M 2 barotropic tide
Figures 3-1, 3-2, 3-3 and 3-4 show the M2 eastward component of the barotropic tide
from a time-series derived by averaging all of the current records on each mooring.
The plotting convention used here is that the location of each mooring is indicated
by the red dot, with a line emanating from that line indicating the tidal current. The
magnitude of the tidal current is given by the length of the line and the Greenwich
epoch of the tide is given by the direction of the line, with a line trending due east
indicating an epoch of zero and a line trending due north indicating an epoch of 90'.
We observe that there is a general qualitative agreement between these methods, but
that the results are not identical. The first Appendix tabulates these results.
Looking at figures 3-5 and 3-6 we see that the estimates using the harmonic
method (G and H) invariably agree with each other much better than those estimates
made by taking vertical means. We also note that our estimates of the barotropic tide
calculated simultaneously with the modal calculation (figure 3-7) agree more closely
M2u Barotropic Tide: Method A: green epoch
Figure 3-1: Eastward component of M2 Barotropic tide estimated using method A.
Red dots are moorings. The length of each line is the amplitude of the barotropic tide.
The direction of the line (counter-clockwise angle from due east) gives the Greenwich
epoch of the tide. Note scale in lower left hand corner.
M2u Barotropic Tide: Method B: green epoch
180*W
Figure 3-2: Eastward component of M2 Barotropic tide estimated using method B.
Plotting convention given in caption for figure 3-1.
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M2u Barotropic Tide: Method C: green epoch
Figure 3-3: Eastward component of M2 Barotropic tide estimated using method C.
Plotting convention given in caption for figure 3-1.
M2u Barotropic Tide: Method D: green epoch
1804W
Figure 3-4: Eastward component of M2
Plotting convention given in caption for
Barotropic tide estimated using method D.
figure 3-1.
M2 tide u global Mode Barotropic G: green epoch; min(insts)=3; min(pieces)=4
Figure 3-5: Eastward component of M2 Barotropic tide estimated using method G
for moorings with at least 3 current meters in the vertical with at least 120 record
days each. Plotting convention given in caption for figure 3-1.
M2 tide u global Mode Barotropic H : green epoch; min(insts)=3; min(pieces)=4
180*W
Figure 3-6: Eastward component of M2 Barotropic tide estimated using method H
for moorings with at least 3 current meters in the vertical with at least 120 record
days each. Plotting convention given in caption for figure 3-1.
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M2 tide u global Mode Barotropic WithModalCalc: green epoch; min(insts)=3; min(pieces)=4
180*W
Figure 3-7: Eastward component of M2 Barotropic tide estimated simultaneously
with modal decomposition for moorings with at least 3 current meters in the vertical
with at least 120 record days each. Plotting convention given in caption for figure
3-1.
M2v Barotropic Tide: Method B: green epoch
180*W
Figure 3-8: Northward component of M2 Barotropic tide estimated simultaneously
with modal decomposition for moorings with at least 3 current meters in the vertical
with at least 120 record days each. Plotting convention given in caption for figure
3-1.
M2 tide u pac Mode Barotropic WithModalCalc: green epoch; min(insts)=3; min(pieces)=4
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Figure 3-9: Eastward component of M2 Barotropic tide estimated simultaneously
with modal decomposition for North Pacific moorings with at least 3 current meters
in the vertical with at least 120 record days each. Plotting convention given in caption
for figure 3-1.
M2 tide u pac Mode Barotropic G : green epoch; min(insts)=3; min(pieces)=4
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Figure 3-10: Eastward component of M2 Barotropic tide estimated using method G
for North Pacific moorings with at least 3 current meters in the vertical with at least
120 record days each. Plotting convention given in caption for figure 3-1.
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M2 tide v pac Mode Barotropic WithModalCalc: green epoch; min(insts)=3; min(pieces)=4
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Figure 3-11: Northward component of M2 Barotropic tide estimated simultaneously
with modal decomposition for North Pacific moorings with at least 3 current meters
in the vertical with at least 120 record days each. Plotting convention given in caption
for figure 3-1.
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Figure 3-12: Eastward component of M2 Barotropic tide estimated simultaneously
with modal decomposition for moorings south of Africa with at least 3 current meters
in the vertical with at least 120 record days each. Plotting convention given in caption
for figure 3-1.
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M2 tide v saf Mode Barotropic WithModalCalc: green epoch; min(inets)=3; min(pieces)=4
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Figure 3-13: Northward component of M2 Barotropic tide estimated simultaneously
with modal decomposition for moorings south of Africa with at least 3 current meters
in the vertical with at least 120 record days each. Plotting convention given in caption
for figure 3-1.
M2 tide u saf Mode Barotropic G.: green epoch, min(insts)=3; min(pieces)=4
33*S
364S
390S
420S
45*S
18*E 24*E 30*E
Figure 3-14: Eastward component of M2 Barotropic tide estimated using method G
for moorings south of Africa with at least 3 current meters in the vertical with at
least 120 record days each. Plotting convention given in caption for figure 3-1.
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Figure 3-15: Northward component of M 2 Barotropic tide estimated using method
G for moorings south of Africa with at least 3 current meters in the vertical with at
least 120 record days each. Plotting convention given in caption for figure 3-1.
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Figure 3-16: Eastward component of M2 Barotropic tide estimated simultaneously
with modal decomposition for moorings east of Africa with at least 3 current meters
in the vertical with at least 120 record days each. Plotting convention given in caption
for figure 3-1.
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with the harmonic method calculations than with the estimates from a simple vertical
mean of measurements. From here on we will refer to the simultaneous solution when
we discuss the barotropic results except were noted.
The u component of the M2 barotropic tide in the North Atlantic 3-7 decreases
in magnitude as we move west across the basin from ~55-" to ~25 in the sampled
latitude band. Greenwich epoch also increases east to west following the path of the
forcing from ~30' at our eastern most North Atlantic mooring to slightly over 90' in
the Site-D region and then slowly increasing as we move down the western coast of
North America. This spatial pattern is consistent with a Kelvin wave traveling counter
clockwise around the basin. Agreement between nearby moorings is quite close with
the exception of a few moorings which consistently give results that are different
from neighboring moorings (for other tides as well). Compare these estimates of the
M2 barotropic tide derived simultaneously with the modal decomposition (figure 3-
7) to estimates of the barotropic tide from the harmonic method (figure 3-5). It
is significant that the results which differ largely from their local context in the
simultaneous solutions also differ largely from the predictions given by the harmonic
method, whereas the other moorings tend to agree, regardless of the method we use.
In some cases, for example one of the moorings at 27'N 70'W, the estimates for
both methods disagree with the estimates for other nearby moorings, but in different
ways. In these cases, we may attribute the results to a problem with the data. In
other cases, for example the mooring at ~65' W ~33' N with the anomalously large
amplitude and small epoch in figure 3-7, it is only the result from the simultaneous
method that gave results dramatically different from the local context. In these cases
we may conclude that there is a problem arising from our decomposition and view all
of the results from that mooring with suspicion.
The v component of the A 2 barotropic tide in the North Atlantic (figure 3-8) shows
the Greenwich epoch generally decreasing as we move west and south across the basin.
The epoch is near zero for the eastern most mooring, ~-20 in the central basin and
approaches -90* as we near the Caribbean. Results from the Site-D moorings, just
south of Cape Cod, are highly variable, which may be related to the fact that these
were some of the first moorings deployed and for various reasons the records are not
as good as many of the later ones.
For the Pacific basin (figures 3-9 and 3-10) we estimate an MW2 barotropic u com-
ponent amplitude range of 25-40 - and epoch of -- 120' in the central basin north of
Hawaii, with epoch increasing as we move westward across the basin. The disagree-
ment between the harmonic and simultaneous solutions for the mooring north of 480
N is problematic. The v component shows a 1800 phase rotation from the central
basin to the western basin and a large reduction in amplitude as we move across the
basin (figure 3-11).
Estimates for the M2 barotropic tides off the coast of south Africa agree well
between the simultaneous and harmonic methods for both components (figures 3-12
3-13 3-14 and 3-15).
There are five moorings that run along the equator in a line east of Africa. For
the A 2 u component (figure 3-16) agreement is reasonable between the harmonic
and simulations estimates, except for the mooring near 510 E for which there is a
substantial disagreement. For the v component, disagreement is more noticeable,
though estimates for the moorings at 530 E and 580 E still agree.
Estimates of the M2 barotropic tide for the two moorings off the south Brazilian
coast agree quite well between the simultaneous method and harmonic method.
Comparison of M 2 , S2 , and N2 Barotropic tides
Comparison of the M 2 , S2 and N2 barotropic tides (figures 3-7, 3-8, 3-17, 3-18 3-19
and 3-20) show quite a striking similarity in the spatial patterns of the tides. This is
perhaps not surprising, given that we expect the response to forcing at quite similar
frequencies to not differ enormously. There are differences though. The relative
strength of the North Atlantic surface tide to that of other regions of the globe is
weaker in the S2 tide than in the M2 tide for both the u and v components. Note
however that the amplitudes are quite different, see scale in lower left hand corner.
The epoch of Eastern and Central Pacific tides is rotated counter clockwise in the
S2 tide relative to the A 2 tide. The N2 epoch is delayed (rotated counter-clockwise)
slightly relative to the A/2 tide in the North Atlantic for both u and v components.
It appears that the same is true for the u component, but the N 2 tide is weaker there
and shows more spatial variability.
Diurnal Barotropic Tides
Estimates of the K1 barotropic tide are given in figures 3-21 and 3-22. The u epoch
is estimated as ~160 in the Central Pacific, increasing as you move westward in the
basin and decreasing as you move eastward. The v epoch is 200' in the central basin
S2 tide u global Mode Barotropic WithModalCalc: green epoch; min(insts)=3; min(pieces)=4
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Figure 3-17: Eastward component of S2 Barotropic tide estimated simultaneously
with modal decomposition for moorings with at least 3 current meters in the vertical
with at least 120 record days each. Plotting convention given in caption for figure 3-1
S2 tide v global Mode Barotropic WithModalCalc: green epoch; min(insts)=3; min(pieces)=4
180*W
Figure 3-18: Northward component of S2 Barotropic tide estimated simultaneously
with modal decomposition for moorings with at least 3 current meters in the vertical
with at least 120 record days each. Plotting convention given in caption for figure 3-1
N2 tide u global Mode Barotropic WithModalCalc: green epoch; min(insts)=3; min(pieces)=4
180*W
Figure 3-19: Eastward component of N 2 Barotropic tide estimated simultaneously
with modal decomposition for moorings with at least 3 current meters in the vertical
with at least 120 record days each. Plotting convention given in caption for figure 3-1
N2 tide v global Mode Barotropic WithModalCalc: green epoch; min(insts)=3; min(pieces)=4
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Figure 3-20: Northward component of N 2 Barotropic tide estimated simultaneously
with modal decomposition for moorings with at least 3 current meters in the vertical
with at least 120 record days each. Plotting convention given in caption for figure 3-1
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K1 tide u global Mode Barotropic WithModalCalc: green epoch; min(insts)=3; min(pieces)=4
1804W
Figure 3-21: Eastward component of K1 Barotropic tide estimated simultaneously
with modal decomposition for moorings with at least 3 current meters in the vertical
with at least 120 record days each. Plotting convention given in caption for figure 3-1
K1 tide v global Mode Barotropic WithModalCalc: green epoch; min(insts)=3; min(pieces)=4
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Figure 3-22: Northward component of K1 Barotropic tide estimated simultaneously
with modal decomposition for moorings with at least 3 current meters in the vertical
with at least 120 record days each. Plotting convention given in caption for figure 3-1
1804W
and also increases eastward and decreases westward. Epochs increase to the south
along the western coast, consistent with a Kelvin wave traveling counter clockwise
around the basin.
Estimates for all of the moorings south of Africa give similar estimates for the K1
barotropic tide. There is a 1800 change of phase between the western four moorings
south of Africa and the eastern four moorings in the v current component. This same
shift is seen in the harmonic method estimates.
North Atlantic K1 epochs also increase as we move counter clockwise around the
basin, with the same set of troublesome moorings giving results inconsistent with
their context as in other tides.
01 amplitudes are comparable to K1 amplitudes. However, 01 epochs are rotated
counter clockwise relative to the K1 tides for all basins.
Baroclinic Tides
The quantity of results produced by our calculations is quite large and so we will
only discuss a subset of representative results here. Figures 3-23 and 3-24 shows the
estimates the M 2 the baroclinic tides, modes 1-4 for u,v and t.
Again we note that for the same moorings for which barotropic results differed
largely from neighboring moorings, baroclinic results are far outside of the range
that we would consider as realistic. These make up the set of unreasonably strong
(especially high mode) baroclinic estimates. These moorings should probably be
removed from subsequent analysis.
For the remaining moorings, we note first that the strength of the baroclinic
tide quickly falls off as we move from mode 1 to mode 4. The length scale over
which tidal epoch varies is much shorter than for the surface tide, but results for
nearby moorings are not uncorrelated. It would be interesting to compare the length
scale over which the tidal epoch varies to the tidal wavelength implied by the modal
structures (equation 2.13). The S2 internal tides (figure 3-26) are in general weaker
than the M2 internal tides for the same mode numbers, though not nearly so much
so as might be expected from the relative strengths of the surface tides. Note that
the S2 and /12 baroclinic tides are plotted here on the same scale (scale in lower
left hand corner of plot), whereas the barotropic tides were plotted on quite different
scales. The physical process responsible for this is unclear, but it might be plausible
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Figure 3-23: Eastward component of M2 baroclinic tide for North Atlantic moorings
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Figure 3-24: Northward component of M2 baroclinic tide for North Atlantic moorings
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Figure 3-25: Vertical displacement M2 baroclinic tidal estimates for North Atlantic
moorings
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Figure 3-26: Eastward component of S2 baroclinic tide for North Atlantic moorings
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Figure 3-27: Eastward component of M 2 baroclinic tide for North Pacific moorings
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Figure 3-28: Eastward component of K1 baroclinic tide for North Atlantic moorings
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to hypothesize that energy drained from the A/2 barotropic tide is spreading across
the semi-diurnal frequency bands. The mode 1 tides appear to be stronger along
the North American coastline than over the abyssal plains, in some cases growing
stronger again over the Mid-Atlantic Ridge, though the variability in the estimates
makes difficult to argue that one is truly seeing a change in energy associated with
the mid-atlantic ridge. Results are similar for the Pacific (figure 3-27) with energy
decreasing with mode, and a much shorter spatial correlation lenghtscale than for the
barotropic tides).
Figure 3-28 is interesting because it illustrates the magnitude of energy that may
be partitioned into the baroclinic tide by the numerical methods in locations where
we are quite confident that there is no baroclinic tide. Internal waves of Ki fre-
quency should not exist poleward of the critical latitude where f . > f(K) or
06at > sin- (fi)) = 300. In figure 3-28 we see that some energy is partitioned into
the internal tide by our methods, presumably due to noise. However, the difference
between the moorings poleward of the critical latitude and those equatorward of the
critical latitude is striking.
Energy Ratio Consistency Relations
Results for consistency relation A, (the theoretical potential energy to kinetic energy
ratio over the observed ratio), are tabulated by ocean basin in the consistency relations
appendix. Poleward of 300 latitude, results are tabulated for the A 2 , S 2 and N2 tide,
as well as an estimate made for the semi-diurnal tide as a whole (found by dividing the
record into short pieces such that the semi-diurnal tides could not be distinguished
from one another and then averaging individual estimates). Equatorward of 30'
estimates are also made for the K1, 01 and Qi tides as well as an overall diurnal tide
consistency.
The most striking result from the consistency result is that when the ratio is very
far from one (i.e. less than 0.1 or greater that 10) we are almost invariable looking at
an instrument that was moored deep in the water column, or failing that, very near
the surface.
With the exception of these outliers, most instruments have a consistency ratio
between about ! and 3. When results are outside this range, they are generally far
outside this range. Thus it would seem wise to exclude instruments with consistency
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Figure 3-29: Histogram of instrumental energy ratio consistencies (right) and one
over the instrumental energy ratio consistencies (left). Almost all consistencies fell
between 0.1 and 10. Instruments that are outside this range are represented by the
very short blue bars. Note that we have truncated the x-axis at 100. There are
unplotted values beyond 100 for both histograms.
outside of this range a-priori before attempting to fit observations to modal structures
in the future. It is hoped that this would bring some of the implausible estimates
back into line with other estimates in the same geographical region.
Energy Flux Rates and Dissipation
Having obtained estimates of the vertical structure of tidal frequency energy, we would
like to determine the implications for the deep ocean energy budget. Unfortunately
it is not straightforward to infer mixing rates directly from the modal distribution of
energy as there are multiple ways that energy may leave the internal tide. However, we
can reasonably assume that once energy enters the internal tide, it must be dissipated
somewhere. Energy travels at the group velocity and so sitting at a specific latitude
and longitude, we observe energy passing at a rate of the energy density times the
group velocity. This gives an energy flux rate estimate, with units Watts per meter.
The meter is a length perpendicular to the direction of energy propagation. Locally
it is clear what this length is, but in terms of global budgets it is less clear how we
interpret this length. Assume, for example, that we knew that the observed energy
was propagating directly away from some long ridge. We would then interpret this
estimate as a energy flux rate per meter of ridge length.
Wunsch [1975] uses this method to calculate the rate of energy flux towards the
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Figure 3-30: Energy flux rate estimates in met for the M2 baroclinic tide.
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Figure 3-31: Energy flux rate estimates
baroclinic tides estimated.
in met for all semi-diurnal and diurnal
shallow seas as the mean energy density times the length of the global coastline times
the group velocity. Rather than use individual estimates of the energy density of the
tides, Wunsch [1975] notes that, in general, the energy in the internal tide is between
10% and 50% of that in the surface tide in the mooring-based studies he reviews.
Based on these numbers, plus an estimate of the energy in the global surface tide, he
is able to estimate an energy flux rate.
We calculate an energy flux rate and a ratio of baroclinic to barotropic energy
for each of our moorings. When we looked at the set of energy flux rates from all
moorings, the most striking feature was a few implausibly extreme outliers. We went
back and looked at the consistency relations, and found that the data was quite in-
consistent with internal waves dynamics for those moorings which gave implausibly
100 200 300 400 500 600 700
Figure 3-32: Energy flux rate estimates in Wtts for the M2 baroclinic tide for some
locations in the North West Atlantic.
large energy flux rates. We believe that the inclusion of data which is not consis-
tent with internal wave dynamics has had a significant effect on the result for these
moorings. In order to avoid this issue, we decided to only report energy flux rates for
moorings for which all of the instruments on the moorings had an energy consistency
within some range. To determine what range to use, we made a histogram of the
energy ratio consistency for all instruments on all the moorings used in this study
(figure 3-29, right panel). We also made a histogram of one over the instrumental
consistency ratio (figure 3-29, left panel). We found that the vast majority of the
instruments had consistencies between 0.1 and 10. The same process was done for
modal consistency relations (not shown) and the resulting histograms looked quite
similar.
On this basis we decided to restrict ourselves to moorings for which all of the
instruments used in the modal decomposition had consistencies between 0.1 and 10
and for which the modal energy ratio consistencies for each calculated baroclinic
mode also fall between 0.1 and 10. In doing so we are excluding many moorings
which give reasonable estimates for energy flux and are probably 'good' data. Any
mooring which had only temperature or current data was excluded because it was not
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Figure 3-33: Energy flux rate estimates in Wa for all semi-diurnal and diurnal
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baroclinic tides estimated at some locations in the North West Atlantic.
possible to calculate a consistency. It would be possible to exclude fewer moorings
by going back and recalculating the the modal decomposition, excluding problematic
instruments before partitioning energy into vertical modes, and it is recommended
that future researchers consider doing this. In effect we have chosen to exclude a
large amount of good data so that we can consistently justify excluding a handful of
results that are clearly problematic.
Calculated energy flux rates for the M 2 tide are plotted in figure 3-30 and the
total energy flux rate for all tides considered are given in figure 3-31. Numerical
values are tabulated in table 3.1. It is difficult to see what is going on in the North
Atlantic in this figure, so we also plot a close up of the North Atlantic (figures 3-32
and 3-33). M 2 energy flux rate estimates range from 32 to 367 Watts per meter, while
estimates from the sum of all of the tides considered range from 62 to 785 Watts per
meter. Three moorings clustered in the North Western Pacific give M2 mixing rate
estimates between 85 and 95 Watts per meter and total tidal rates between 103 to
213 Watts per meter. Estimates for the North Atlantic range from 32 to 242 Watts
per meter for M 2 and from 62 to 328 Watts per meter for the sum of all calculated
tides.
mn Ion lat MW2 Eflux(-) AT Eflux(!) m 2  "
525 -71 39 45 71 1.22
567 -55 32 198 256 0.48
578 -54 36 228 302 0.71
580 -55 32 242 328 0.48
607 -55 37 178 277 0.6
610 -55 35 204 271 0.53
648 -49 28 128 194 0.19
655 47 0 125 307 0.19
662 59 1 181 631 0.29
700 152 34 95 213 0.26
725 152 36 85 134 0.34
784 -63 37 44 70 0.21
793 -152 39 367 785 0.35
795 -175 41 195 417 0.45
861 -55 40 69 103 0.25
863 -55 39 107 184 0.56
865 -55 39 102 119 0.32
866 -54 38 89 106 0.2
867 -55 38 32 62 0.13
892 -55 37 101 129 0.65
944 149 38 86 103 0.4
Table 3.1: Energy Flux and energy ratios for M2 and ALLTIDES
The ratio of M12 baroclinic energy to barotropic energy is also given in table 3.1.
Values range from 0.2 to 1.22, though the 1.22 is an outlier. The mean value is 0.42.
So what do these numbers mean? We have an energy flux rate in Watts per meter
squared. We have not estimated the direction of this energy flux though it is clear
that our interpretation of these results is highly sensitive to the spatial pattern of the
direction of the energy flux vectors. If the directions of the energy flux vectors are
random, then we would interpret the results differently than if they were all in the
same direction. Take, for example, figure 3-33. We have here an array of moorings
which can be thought of as spanning roughly 1000 kilometers of coastline. Let us
suppose that the internal tides observed at these moorings have been generated near
the shelf break along the North American coast and are propagating out to sea. In
this situation we might expect the direction of energy flux to be roughly the same
(away from the North American coast) at all moorings and roughly perpendicular
to our array. Supposing this is the case and taking the mean energy flux rate for
North Atlantic moorings of 177 "v we get an estimate of 1.8 x 108W fluxed away
from a 1000 kilometer section of coastline. Now let us suppose that this section of
coastline is representative of the global coastline. Multiplying our 1771 times anin
estimated global coastline of 1.5 x 107 meters [Wunsch 1975] gives a rate of energy
flux away from the continents by the internal tide of 2.6 x 108W. If we include all the
moorings in table 3.1 (not just the North Atlantic moorings) we get a rate of energy
flux away from the continents of 2421 x 1.5 x 107n = 3.6 x 109W. Internal tides are
not just generated at the shelf break regions though. Seamounts, and ridge systems
will also facilitate the conversion of barotropic tidal energy into baroclinic waves.
Thus we must suppose that energy will also be found radiating away from the Mid-
Atlantic Ridge, the Hawaii-Emperor seamount chain and other bathymetric features.
Including these features in our 'effective coastline' would increase our estimates of the
rate of energy flux away from generation regions by something less than a factor of
two. Under the assumption that this energy fluxed away from the generation regions
has to be dissipated somewhere, we interpret this as an estimate of the rate at which
internal tidal energy is dissipated in regions far from the generation regions. Let
us suppose that the generation regions have an effective coastline roughly the same
length as the continental coastline. Then we get a global dissipation rate of about
7 x 109W or 7 GW.
In contrast the total dissipation of energy by the tides is known from astronomy to
be 3700 GW and 2100 GW are required to maintain the global abyssal stratification
[Alunk and Wunsch 1998]. Altimetry studies have indicted that 1000 GW of mixing
occurs in the deep ocean. Our number is not only much smaller, it is less than 1% of
the estimate of Ray and Egbert [2000].
How can thes estimates be so different?
Possibility 1 The altimetric approach systematically overestimates the energy in
the internal tide.
Possibility 2 The majority of the internal tide energy that is dissipated in the deep
ocean has dissipated before it reaches our moorings.
Possibility 3 The moorings we report results for happen to be from locations with
anomalously small energy flux by the internal tide.
Possibility 4 Removing entire moorings which have a single instrument with poor
consistency or a single poor modal consistency biases the results towards moor-
ings with anomalously low internal tide energy
Possibility 4 could be addressed by repeating the analysis after excluding prob-
lematic instruments. Still even if we found ten times as much energy flux in the
remaining moorings, we would be forced to conclude that our results were inconsis-
tent with altimetric estimates.
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Chapter 4
Conclusions and Direction For
Future Research
We have estimated the energy flux rates and the ratio of baroclinic to barotropic
energy at a number of moorings. We find that, on average, the internal tides have
about 40% the energy of the surface tide. Estimates for the rate of deep ocean
internal tide dissipation are significantly below altimetric estimates. It would be
useful to recalculate these estimates, using instrumental consistency ratios to screen
the data that was included in the study a priori rather than using it as a filter for
excluding moorings after the decomposition has been done.
A number of future directions for research suggest themselves. There is more
information in the moored buoy data that bears on the problem of constraining the
internal tides than is extracted by this study. We list here our suggestions for further
investigation:
More Sophisticated Analysis of Consistency of Motions With Internal
Wave Dynamics
We used only the most rudimentary formulation of the consistency relations (those
of Fofonoff [1969]). A more sophisticated analysis would incorporate the works of
Calman [1978a,b], Mooers [1973] and Muller and Siedler [1976].
Relaxing the requirement for simultaneous records in modal fitting.
In our Gauss-Markov formulation, we required that all record pieces in a given in-
version be taken from the water column for the same 30 day interval. If we assume
the tidal internal wave field is stationary in time, we need not require that all of
the record pieces used in the inversion be simultaneous. Instead we may fit all of
the record pieces for a given local simultaneously to our vertical modes. This would
greatly increase our data pool because it would allow us to use ALL of the data
available in the quite common situation where various instruments on a mooring fail
slowly over the duration of the deployment. In the not uncommon situation where
multiple moorings were deployed at different times to the same location, this would
allow us to take advantage from moorings that individually might not have enough
data to justify analysis. By the same token, grouping geographically nearby moorings
would allow us to further increase the stability of our estimates.
Barotropic Estimates By Mooring
Moorings South of AfricaM2 Barotropic estimates
787 A B C D G H WithModalCalc
u (m/hr) 33.1 29.1 25.4 23.8 25.4 25.4 16.7
v (m/hr) 24.9 23.5 15.5 16.9 15.2 15.2 13.9
Kg - u(deg) 72 76 90 84 104 104 65
Kg - v(deg) 336 339 339 328 -6 -6 -20
788 A B C D G H WithModalCalc
u (m/hr) 32 27.5 20.1 15.3 19.9 19.9 19.9
v (m/hr) 15.8 13.9 5.4 3.2 5.6 5.6 5.5
K - u(deg) 98 96 114 113 125 125 125
K - v(deg) 332 337 316 313 -33 -33 -35
792 A B C D G H WithModalCalc
u (m/hr) 13.9 13.3 6.3 5.8 10.5 10.5 18.5
v (m/hr) 14.6 16.1 16.1 19.3 9.5 9.5 8.3
Kg - u(deg) 40 28 60 27 110 110 106
K - v(deg) 287 268 241 231 -112 -112 166
793 A B C D G H WithModalCalc
u (m/ir) 26.4 21.3 34.1 28.7 34.4 34.4 37.8
v (m/hr) 50.2 42.9 65.7 56 66 66 67.2
Kg - i(deg) 204 205 227 224 -121 -121 -127
K - v(deg) 148 152 171 172 -177 -177 -177
794 A B C D G H WithModalCalc
u (m/hr) 26.3 21.4 23.5 20.1 23.3 23.3 25.8
v (m/hr) 62.8 52.9 55.8 48.5 55.5 55.5 53.8
K9 - u(deg) 302 305 246 247 -103 -103 -121
K - v(deg) 208 207 183 183 -166 -166 -176
Moorings South of AfricaM2 Barotropic estimates(Cont.)
M2 Amplitude and Greenwich Epoch By Method
795 A B C D G H WithModalCalc
u (m/hr) 42.3 32.8 47.7 40.8 48.2 48.2 48.9
v (m/hr) 22.7 18.9 26.1 20.2 27.1 27.1 26.4
K - u(deg) 234 221 255 247 -92 -92 -95
K - v(deg) 170 146 199 184 -150 -150 -156
797 A B C D G H WithModalCalc
u (m/hr) 39.8 41.9 43.6 36.4 42.4 42.4 34.7
v (m/hr) 41.7 42.2 36.9 32.4 35.6 35.6 35.5
Kg - u(deg) 243 243 262 264 -87 -87 -85
Kg - v(deg) 185 178 194 194 -154 -154 -151
798 A B C D G H WithModalCalc
u (m/hr) 12.3 12.5 16.6 10.5 16.2 16.2 36.1
v (m/hr) 43.7 37.8 35.2 30.5 35.4 35.4 37.7
Kg - u(deg) 249 297 225 251 -122 -122 -103
Kg - v(deg) 218 224 219 224 -129 -129 -140
Barotropic Estimates By Mooring
Moorings East of Africa M2 Barotropic estimates
553 A B C D C H WithModalCalc
u (m/hr) 60.6 56.5 53 50.4 53.5 53.5 38.4
v (m/hr) 50.2 47.7 42.1 40.7 42.9 42.9 23.4
K - u(deg) 130 133 96 95 107 107 118
Kg - v(deg) 26 27 359 358 10 10 28
610 A B C D G H WithModalCalc
u (m/hr) 46 40 38.4 33.6 38.1 38.1 37.2
v (m/hr) 30.5 29.1 27.9 26.4 28 28 28.4
Kq - u(deg) 90 89 84 83 96 96 96
Kg - v(deg) 333 329 321 319 -29 -29 -30
611 A B C D G H WithModalCalc
u (m/hr) 45.7 39.1 39.9 33.2 39.4 39.4 30.3
v (n/hr) 38 34.4 29.6 27 29 29 24.5
Kg -u(deg) 110 108 102 98 114 114 114
Kg - v(deg) 354 348 344 339 -4 -4 -9
612 A B C D G H WithModalCalc
u (m/hr) 47.3 43.3 43.1 38.7 43.1 43.1 26.6
v (m/hr) 62.4 58.6 50.6 46.4 50.7 50.7 73
Kg - u(deg) 57 56 69 68 80 80 -67
Kg - v(deg) 313 312 314 314 -34 -34 -118
617 A B C D G H WithModalCalc
u (m/hr) 24.6 19.4 24.5 19.4 25.4 25.4 28.3
v (m/hr) 14 10.9 14.5 11.2 14.2 14.2 14.9
Kg - u(deg) 105 105 105 105 116 116 110
Kg - v(deg) 243 244 244 245 -101 -101 -91
Moorings East of Africa(M2 Barotropic estimatesCont.)
M2 Amplitude and Greenwich Epoch By Method
618 A B C D G H WithModalCalc
u (m/hr) 14.7 10.1 14.7 10.8 14.1 14.1 13.7
v (m/hr) 11 9.9 11.6 9.9 12.3 12.3 11.1
K9 - u(deg) 126 127 127 130 140 140 139
Kg -v (deg) 206 216 207 212 -142 -142 -161
Barotropic Estimates By Mooring
South Atlantic MooringsM2 Barotropic estimates
825 A B C D G H WithModalCalc
u (m/hr) 64.2 52.8 53.2 43 53.9 53.9 47.7
v (m/hr) 73.2 54.9 51.1 40.4 52.9 52.9 52
Kg - u(deg) 228 221 252 253 -94 -94 -83
Kg - v(deg) 173 172 186 190 -161 -161 -152
826 A B C D G H WithModalCalc
u (m/hr) 44.7 38 29.4 21 30.2 30.2 31.1
v (m/hr) 11.6 4.7 15.7 10.2 16 16 17.9
Kg - u(deg) 240 237 247 250 -101 -101 -100
Kg - v(deg) 198 161 213 228 -135 -135 -152
827 A B C D G H WithModalCalc
u (m/hr) 42.1 32.7 45.3 38.5 45.7 45.7 42.6
v (m/hr) 29 22.4 29.1 25.1 29.1 29.1 23
K - u(deg) 235 235 245 246 -104 -104 -105
K9 - v(deg) 161 161 183 181 -167 -167 -167
Barotropic Estimates By Mooring
North Pacific MooringsM2 Barotropic estimates
629 A B C D G H WithModalCalc
u (m/hr) 43.3 34.6 39.6 31.5 40.1 40.1 25.7
v (m/hr) 53.2 41.3 51.3 40.3 51.6 51.6 42.3
K - u(deg) 51 55 52 54 64 64 68
Kg - v(deg) 316 307 316 305 -32 -32 -33
633 A B C D G H WithModalCalc
u (m/hr) 63.3 53.6 64.1 55.2 64.7 64.7 130.1
v (m/hr) 2.9 2.3 5.7 3.2 5.8 5.8 72.4
Kg - u(deg) 76 74 67 64 78 78 28
Kg - v(deg) 115 55 208 248 -136 -136 -116
640 A B C D G H WithModalCalc
u (m/hr) 31.2 31.6 26.5 25.7 26.3 26.3 25.5
v (m/hr) 26.5 28.8 14.4 13.7 14.3 14.3 13.5
K9 - u(deg) 108 105 111 111 122 122 125
Kg - v(deg) 335 334 312 314 -40 -40 -39
648 A B C D G H WithModalCalc
u (m/hr) 35.9 20.3 39.1 24.8 39.2 39.2 39.7
v (m/hr) 63.1 38.8 63.6 40.4 63.7 63.7 63.5
K9 - u(deg) 66 61 67 67 78 78 79
K - v(deg) 315 312 319 319 -30 -30 -29
655 A B C D G H WithModalCalc
u (m/hr) 84.1 65.4 86.9 67 85.9 85.9 68.5
v (m/hr) 24.2 26.5 20.6 22.8 19.7 19.7 15.4
K9 - u(deg) 124 117 122 115 134 134 130
K9 - v(deg) 70 80 87 87 107 107 17
North Pacific MooringsM2 Barotropic estimates(Cont.)
M2 Amplitude and Greenwich Epoch By Method
662 A B C D G H WithModalCalc
u (m/hr) 75.5 63 79.9 67.3 80.9 80.9 62.6
v (m/hr) 41.9 33.3 35.3 27.2 35.6 35.6 35.5
Kg - u(deg) 147 142 150 145 162 162 163
Kq - v(deg) 53 49 68 67 80 80 139
695 A B C D G H WithModalCalc
u (m/hr) 36.3 35.6 32.5 31.8 33.4 33.4 25.5
v (m/hr) 21.8 21.6 16.4 16.1 18.1 18.1 16
Kg - u(deg) 5 4 358 357 9 9 11
K9 - v(deg) 333 332 335 335 -16 -16 -43
697 A B C D G H WithModalCalc
u (m/hr) 25.5 22 27.8 23.5 27.6 27.6 27.9
v (m/hr) 17 13.9 16.9 14 16.4 16.4 16.7
K9 - i(deg) 18 14 10 8 20 20 18
K - v(deg) 9 6 352 352 4 4 -1
698 A B C D G H WithModalCalc
u (m/hr) 33.3 27.6 31.7 27.8 31.3 31.3 31.1
v (m/hr) 17.8 18.5 17.3 17 16.7 16.7 16.8
Kg - iu(deg) 17 22 14 16 25 25 24
Kg - v(deg) 348 352 358 356 10 10 12
699 A B C D G H WithModalCalc
u (m/hr) 35.1 33.5 27.4 26.3 27.2 27.2 26.5
v (m/hr) 18.2 18.2 11.1 10.9 11.6 11.6 9.9
Kg - u(deg) 42 45 28 29 35 35 35
Kg - v(deg) 5 16 9 14 19 19 18
700 A B C D G H WithModalCalc
u (m/hr) 35.8 29.7 36 28.5 35.8 35.8 36.2
v (m/hr) 9.8 8.4 13.6 11 13.8 13.8 14.2
K9 - u(deg) 12 12 20 19 32 32 32
K9 - v(deg) 335 343 357 5 9 9 10
North Pacific
M2
MooringsM2 Barotropic estimates(Cont.)
Amplitude and Greenwich Epoch By Method
701 A B C D G H WithModalCalc
u (m/hr) 44.7 38.6 27.2 22.6 27.5 27.5 26.9
v (m/hr) 20 16.9 9.3 7.7 9.5 9.5 7.4
K - u(deg) 59 58 27 29 39 39 30
Kg - v(deg) 10 8 20 26 29 29 32
702 A B C D G H WithModalCalc
u (m/hr) 49.4 42.5 44.1 36.9 44.4 44.4 42.9
v (m/hr) 17 15.5 11.7 11 11.9 11.9 11.1
K, - u(deg) 26 26 18 20 29 29 28
Kg - v(deg) 304 298 325 326 -27 -27 -13
704 A B C D G H WithModalCalc
u (m/hr) 29.8 23.4 42.4 36.3 42.1 42.1 44.2
v (m/hr) 9.6 10.4 4.4 5.4 4 4 5.5
K9 - u(deg) 22 27 21 24 32 32 35
K9 - v(deg) 50 44 322 340 -29 -29 -45
718 A B C D G H WithModalCalc
u (m/hr) 12.6 13.2 39.7 37.9 39.4 39.4 47.2
v (m/hr) 22.4 16.7 1.5 2.2 1.4 1.4 4.2
K9 - u(deg) 66 46 13 16 25 25 22
Kg - v(deg) 53 55 29 345 54 54 -68
721 A B C D G H WithModalCalc
u (m/hr) 29 20.4 24.6 17.8 24.3 24.3 25.4
v (m/hr) 15.7 12.1 10 7.4 10.5 10.5 11.7
K9 - u(deg) 41 42 23 21 36 36 32
K9 - v(deg) 6 13 15 20 27 27 8
724 A B C D G H WithModalCalc
u (m/hr) 34.3 25.5 31.6 24.1 31.5 31.5 31.4
v (m/hr) 21.8 19.8 11.7 11.1 11.5 11.5 8.9
K9 - u(deg) 38 41 20 23 32 32 32
K9 - v(deg) 18 28 2 17 13 13 14
North Pacific MooringsM2 Barotropic estimates (Cont.)
M2 Amplitude and Greenwich Epoch By Method
725 A B C D G H WithModalCalc
u (m/hr) 34.3 28.1 31.8 25.3 31.9 31.9 30.5
v (m/hr) 22.4 21.2 14.6 13.2 14.4 14.4 12.5
K9 - u(deg) 17 20 10 12 21 21 19
Kg - v(deg) 345 344 347 346 -2 -2 1
728 A B C D G H WithModalCalc
u (m/hr) 31.5 30.3 29.4 28.5 30 30 29.1
v (m/hr) 26.5 26.9 17.9 17.7 17.9 17.9 14.9
K, - u(deg) 14 17 358 359 8 8 6
Kg - v(deg) 354 355 348 347 -5 -5 -3
730 A B C D G H WithModalCalc
u (m/hr) 74.6 57.9 77.5 60.4 76.4 76.4 80.7
v (m/hr) 32.2 26 31.6 25.5 32 32 18.6
K9 - u(deg) 238 239 237 239 -111 -111 -114
Kg - v(deg) 216 210 211 205 -135 -135 -154
731 A B C D G H WithModalCalc
u (m/hr) 24.6 18.3 32 23.1 33.5 33.5 179.7
v (m/hr) 9.9 9.2 13.4 12.7 12.9 12.9 30
K - u(deg) 272 278 256 262 -92 -92 -132
Kg - v(deg) 302 283 288 275 -68 -68 -122
766 A B C D G H WithModalCalc
u (m/hr) 27.4 22.4 20.8 17.1 20.5 20.5 21
v (m/hr) 15.5 12 8.3 6.5 8 8 8.6
K9 - u(deg) 88 91 106 107 118 118 117
Kg - v(deg) 314 318 307 313 -41 -41 -43
771 A B C D G H WithModalCalc
u (m/hr) 23.2 24.3 21.7 21.1 21.4 21.4 19.6
v (m/hr) 11.8 11.1 11.2 10.5 11.2 11.2 9.1
K9 - u(deg) 118 105 111 106 124 124 90
K9 - v(deg) 21 7 9 5 21 21 -30
North Pacific MooringsM2 Barotropic estimates(Cont.)
M2 Amplitude and Greenwich Epoch By Method
775 A B C D G H WithModalCalc
u (m/hr) 41.6 29.8 44.5 32 44.5 44.5 45.3
v (m/hr) 18.2 12.3 17.9 10.7 17.8 17.8 17.5
Kg - u(deg) 141 139 138 140 150 150 148
Kg - v(deg) 316 311 325 327 -24 -24 -19
776 A B C D G H WithModalCalc
u (m/hr) 28.9 17.8 27.7 16.7 27.3 27.3 17.8
v (m/hr) 13.7 7.8 14.3 8.7 14.3 14.3 18.9
Kg - u(deg) 122 125 121 122 133 133 119
Kg - v(deg) 310 312 306 304 -43 -43 -62
830 A B C D G H WithModalCalc
u (m/hr) 18.3 18.5 25.3 24 24.3 24.3 26.5
v (m/hr) 6.8 2.9 20.9 18.4 21 21 22.6
K9 - u(deg) 162 147 107 106 119 119 116
K9 - v(deg) 235 322 278 281 -69 -69 -71
831 A B C D G H WithModalCalc
u (m/hr) 95.1 83 70.8 61.4 70.8 70.8 65.1
v (m/hr) 91.5 81 85.6 75.5 85.7 85.7 84.6
Kg - u(deg) 12 12 9 8 21 21 20
Kq - v(deg) 332 332 347 347 -1 -1 3
834 A B C D G H WithModalCalc
u (m/hr) 10.5 9.8 9.4 9 9.5 9.5 8.6
v (m/hr) 9.6 7.8 8.5 7.1 8.6 8.6 8
Kg - u(deg) 335 336 334 337 -15 -15 -16
K9 - v(deg) 346 345 333 330 -16 -16 -23
835 A B C D G H WithModalCalc
u (m/hr) 9.2 8 10.1 9.2 10.4 10.4 9.7
v (m/hr) 21.1 18.1 20.1 17.2 19.8 19.8 20.2
Kg - u(deg) 324 322 329 323 -18 -18 -19
K9 - v(deg) 329 328 326 325 -22 -22 -25
North Pacific MooringsM2 Barotropic estimates(Cont.)
M2 Amplitude and Greenwich Epoch By Method
836 A B C D C H WithModalCalc
u (m/hr) 10 7.6 11.1 8.8 11.1 11.1 11.4
v (m/hr) 23.1 20.5 25.1 21.4 25.1 25.1 25.3
Kg - u(deg) 336 320 319 308 -30 -30 -33
Kg - v(deg) 326 322 324 321 -25 -25 -25
837 A B C D G H WithModalCalc
u (m/hr) 5.2 4.4 5.1 4.5 5.4 5.4 4.9
v (m/hr) 16.2 14.3 16.3 14.4 16.1 16.1 16
K 9 - u(deg) 3 7 359 2 7 7 9
Kq - v(deg) 327 330 325 327 -21 -21 -25
838 A B C D G H WithModalCalc
u (m/hr) 9.4 8.5 12.1 11.3 12.4 12.4 12.2
v (m/hr) 9.8 8 11.9 10 11.5 11.5 11.8
Kg - u(deg) 14 8 354 352 7 7 4
Ky - v(deg) 324 333 341 346 -8 -8 -7
Barotropic Estimates By Mooring
North Atlantic Moorings M2 Barotropic estimates
323 A B C D G H WithModalCalc
u (m/hr) 16.3 16.3 12.9 12.9 11.6 11.6 12.1
v (m/hr) 7.2 7.2 15.9 15.9 15.1 15.1 17.6
Kg - u(deg) 98 98 63 63 67 67 66
Kg - v(deg) 227 227 237 237 -108 -108 -115
491 A B C D G H WithModalCalc
u (m/hr) 33.9 34 34.1 34.1 32.2 32.2 34.4
v (m/hr) 13.3 13.4 13.4 13.5 11.1 11.1 12.9
K9q- u(deg) 87 87 85 85 96 96 94
Kg - v(deg) 6 6 5 5 15 15 13
506 A B C D G H WithModalCalc
u (m/hr) 42 39.4 44.3 41.8 42.9 42.9 47.8
v (m/hr) 16.2 16.1 14.4 13.9 15 15 14.3
Kg - u(deg) 72 70 77 76 87 87 95
Kg - v(deg) 306 301 323 320 -26 -26 6
509 A B C D G H WithModalCalc
u (m/hr) 28.5 27.2 26.9 25.8 25.3 25.3 24.9
v (m/hr) 17.3 15.9 13.6 12.5 12.6 12.6 9.8
K - u(deg) 64 61 73 70 88 88 91
Kg - v(deg) 300 294 302 298 -42 -42 -48
523 A B C D G H WithModalCalc
u (m/hr) 36.9 34 36.7 33.9 37.1 37.1 37.2
v (m/hr) 11.3 8.7 9 8 9.3 9.3 11.6
K - u(deg) 63 69 70 74 84 84 93
Kg - v(deg) 301 319 327 345 -9 -9 30
North Atlantic Moorings
M2 Amplitude and
M2 Barotropic estimates (Cont.)
Greenwich Epoch By Method
524 A B C D G H WithModalCalc
u (m/hr) 26.4 22.6 29.9 27.7 30.7 30.7 31.6
y (m/hr) 13.1 10.6 11 9.3 10.6 10.6 11.2
K9 - u(deg) 81 88 83 83 95 95 97
Kq - v(deg) 31 47 19 17 29 29 39
542 A B C D G H WithModalCalc
u (m/hr) 29.2 27.5 25.3 23.9 24.5 24.5 24.4
v (m/hr) 21.6 20.8 19.6 18.5 19.8 19.8 19.2
K - u(deg) 107 106 100 100 112 112 109
K9 - v(deg) 302 303 289 290 -59 -59 -63
546 A B C D G H WithModalCalc
u (m/hr) 28.7 26.8 32.8 30 33 33 33.3
v (m/hr) 46.4 42.2 45.6 41.4 45.3 45.3 45.5
K9 - u(deg) 73 77 87 90 98 98 101
K9 - v(deg) 304 306 318 318 -30 -30 -29
547 A B C D G H WithModalCalc
u (m/hr) 33.8 32.4 31.4 29.6 32.3 32.3 31.2
v (m/hr) 45.7 41.6 38.5 35.7 38.8 38.8 38
K 9 - u(deg) 90 92 100 101 113 113 112
Kg - v(deg) 325 327 326 328 -22 -22 -23
548 A B C D G H WithModalCalc
u (m/hr) 42.8 38 37.9 35.2 37.7 37.7 35
v (m/hr) 41.3 36 31.3 28.1 31.4 31.4 25.7
K9 - u(deg) 92 91 95 93 105 105 110
Kg - v(deg) 329 329 328 329 -21 -21 -19
549 A B C D G H WithModalCalc
u (m/hr) 46 40.8 39.5 35.3 38.9 38.9 38.2
v (m/hr) 35.9 32.1 31 28.5 30.5 30.5 28.9
K9 - u(deg) 88 87 88 86 99 99 101
Kg - v(deg) 321 320 320 320 -29 -29 -24
North Atlantic Moorings
M2 Amplitude and
M2 Barotropic estimates (Cont.)
Greenwich Epoch By Method
554 A B C D G H WithModalCalc
u (m/hr) 42.4 41.4 30.2 30.6 30.4 30.4 17
v (m/hr) 57.7 55.3 34.8 33.8 35.2 35.2 29.1
K - u(deg) 75 79 75 81 86 86 85
Kg - v(deg) 322 322 324 322 -24 -24 -23
555 A B C D G H WithModalCalc
u (m/hr) 39.5 38.3 34.2 33.6 33.6 33.6 34.4
v (m/hr) 27.1 28.2 38.4 39.3 36.8 36.8 31.6
K9 - u(deg) 105 104 94 94 104 104 110
Kg - v(deg) 302 301 303 303 -48 -48 -21
557 A B C D G H WithModalCalc
u (m/hr) 43.3 38.2 42.1 37.8 42.4 42.4 40.8
v (m/hr) 31.9 26.8 30.5 27.2 30.5 30.5 29.1
K 9 - u(deg) 82 86 81 82 93 93 92
Kq - v(deg) 325 326 324 323 -24 -24 -24
559 A B C D G H WithModalCalc
u (m/hr) 38.6 38 39 38 39.6 39.6 38.2
v (m/hr) 32 32 27.6 27.4 27.9 27.9 25.8
K - u(deg) 70 70 77 77 88 88 90
Kg - v(deg) 320 322 326 328 -22 -22 -21
564 A B C D G H WithModalCalc
u (m/hr) 40.9 35.8 39.8 34.5 39.8 39.8 39.8
v (m/hr) 25.1 21.6 22.8 19.8 23.1 23.1 23.5
K9 - u(deg) 89 88 87 87 98 98 97
Kg - v(deg) 325 326 322 319 -25 -25 -27
565 A B C D G H WithModalCalc
u (m/hr) 40.5 38.8 34.7 32.9 33.5 33.5 32.5
v (m/hr) 24.5 23.7 22.3 20 22.3 22.3 21
Kg - u(deg) 103 108 96 101 108 108 100
K9 - v(deg) 354 6 337 346 -12 -12 -14
North Atlantic
M2
Moorings M2 Barotropic estimates (Cont.)
Amplitude and Greenwich Epoch By Method
566 A B C D G H WithModalCalc
u (m/hr) 40.9 38.8 38.2 35.3 37.2 37.2 38.1
v (m/hr) 34.8 32.9 30.3 27.7 29.8 29.8 29.7
Kg - u(deg) 84 86 81 82 95 95 92
Kg - v (deg) 331 333 325 326 -24 -24 -24
567 A B C D G H WithModalCalc
u (m/hr) 41.8 40.6 37.4 36.6 37.6 37.6 36.8
v (m/hr) 49.7 48.2 43.1 42.1 43.3 43.3 41.7
Kg - u(deg) 73 72 75 75 87 87 83
Kg - v(deg) 319 319 315 314 -34 -34 -38
568 A B C D G H WithModalCalc
u (m/hr) 34.6 34.2 31.4 31 34.1 34.1 29.2
v (m/hr) 16.5 17.2 21.1 21.6 20.6 20.6 20.8
Kg - u(deg) 110 109 95 94 105 105 99
Kg - v(deg) 353 354 323 326 -28 -28 -36
578 A B C D G H WithModalCalc
u (m/hr) 26.2 21.9 35.7 30.1 35.5 35.5 37.3
v (m/hr) 25.1 22.8 25.8 22.2 25.7 25.7 26.7
Kg - u(deg) 60 52 71 69 84 84 84
Kg - v(deg) 302 299 320 318 -28 -28 -25
579 A B C D G H WithModalCalc
u (m/hr) 46.6 37.5 41.2 34.6 41.8 41.8 - 39.8
v (m/hr) 30.9 27 27.6 25.1 29.1 29.1 27.1
Kg - u(deg) 87 82 79 76 90 90 91
Kg - v(deg) 333 324 323 318 -27 -27 -28
580 A B C D G H WithModalCalc
u (m/hr) 34.8 34.8 36.8 35.3 37.3 37.3 37.6
v (m/hr) 51 50 44.5 42.9 44.4 44.4 42.9
Kg - u(deg) 62 65 73 73 84 84 87
Kg - v(deg) 307 310 308 309 -39 -39 -42
North Atlantic Moorings
M2 Amplitude and
M2 Barotropic estimates (Cont.)
Greenwich Epoch By Method
581 A B C D G H WithModalCalc
u (m/hr) 42.7 42 38.8 38.5 39.8 39.8 36.6
v (m/hr) 28.9 28.9 30.8 31.2 33 33 30.1
Kg - u(deg) 88 87 84 84 95 95 97
Kg - v(deg) 330 328 312 311 -33 -33 -40
583 A B C D G H WithModalCalc
u (m/hr) 47.7 44.5 43.9 41.3 42.7 42.7 40
v (m/hr) 33.9 31.8 30.2 28.6 31.3 31.3 26.9
Kg - u(deg) 74 75 78 78 89 89 92
Kg - v(deg) 313 313 313 313 -36 -36 -37
597 A B C D G H WithModalCalc
u (m/hr) 62.4 58.1 65.4 61 66.3 66.3 68.3
v (m/hr) 38.6 38 39.5 38.9 38.6 38.6 39
Kg - u(deg) 137 136 136 135 146 146 144
Kg - v(deg) 103 104 106 107 117 117 126
598 A B C D G H WithModalCalc
u (m/hr) 33.5 31.7 32.4 31 30.8 30.8 30.9
v (m/hr) 18.8 19.1 19.7 19.7 19 19 20.6
Kg - u(deg) 94 88 88 85 97 97 96
Kg - v(deg) 342 334 322 321 -29 -29 -37
601 A B C D G H WithModalCalc
u (m/hr) 37.6 36.5 39.4 37.3 39.3 39.3 40.3
v (m/hr) 35.2 32.3 30.4 28.7 30 30 31
Kg - u(deg) 55 57 75 75 86 86 89
K9 - v(deg) 313 315 327 327 -21 -21 -19
606 A B C D G H WithModalCalc
u (m/hr) 40.1 33.4 41.1 35.3 40.7 40.7 40
v (m/hr) 27.4 21.9 26.2 21.8 25.9 25.9 23.7
K - u(deg) 83 82 83 81 96 96 97
K - v(deg) 317 314 321 319 -27 -27 -22
North Atlantic
M2
Moorings
Amplitude and
M2 Barotropic estimates (Cont.)
Greenwich Epoch By Method
607 A B C D G H WithModalCalc
u (m/hr) 44.7 41.3 40.7 39.1 39.9 39.9 38.9
v (ni/hr) 23.9 22.1 25.3 24.2 24.5 24.5 24.2
Kg - u(deg) 105 106 90 89 103 103 97
K - v(deg) 351 350 334 334 -15 -15 -22
608 A B C D G H WithModalCalc
u (m/hr) 48.9 43.8 47.8 41.7 46.9 46.9 39.8
v (m/hr) 33.4 33.2 40.2 38.9 40 40 36.2
K9 - u(deg) 86 76 75 63 88 88 90
Kg - v(deg) 330 320 317 308 -32 -32 -31
620 A B C D G H WithModalCalc
u (m/hr) 29.5 24.6 27.9 23.5 27.9 27.9 26.3
v (m/hr) 10.5 7.5 10.3 6.9 10.2 10.2 8.9
K9 - u(deg) 89 92 91 95 103 103 101
K - v(deg) 279 284 274 280 -73 -73 -77
623 A B C D G H WithModalCalc
u (m/hr) 49.6 39.6 53.1 43.1 52.7 52.7 51.6
v (m/hr) 82.3 65 77.2 61.9 76.7 76.7 73.3
K - u(deg) 46 47 46 45 57 57 55
Kg - v(deg) 308 312 311 313 -37 -37 -36
624 A B C D G H WithModalCalc
u (m/hr) 46.1 44 48.4 46.6 44.3 44.3 48.8
v (m/hr) 76.1 74.1 77.6 76 73.3 73.3 76.5
Kg - u(deg) 34 36 38 39 47 47 50
Kg - v(deg) 303 304 306 307 -44 -44 -40
625 A B C D G H WithModalCalc
u (m/hr) 49.4 44.5 53 48 52.2 52.2 52.6
v (m/hr) 81.6 70.3 80.2 70.9 79.3 79.3 77
K 9 - u(deg) 40 39 34 31 45 45 42
K, - v(deg) 313 314 308 306 -41 -41 -43
North Atlar tic Moorings M2 Barotropic estimates (Cont.)
M2 Amplitude and Greenwich Epoch By Method
626 A B C D G H WithModalCalc
u (m/hr) 53.4 50.7 54.1 52.2 53.4 53.4 55.1
v (m/hr) 77.8 74.4 84.5 81.2 84.3 84.3 85.1
Ky - u(deg) 53 54 55 56 69 69 63
Kq - v(deg) 335 336 332 332 -15 -15 -21
663 A B C D G H WithModalCalc
u (m/hr) 48 35.8 46.8 35.1 46.7 46.7 35.5
v (m/hr) 33.9 21.5 43.7 31 43.7 43.7 50.1
K - u(deg) 121 123 120 118 131 131 122
Kg - v(deg) 87 71 85 77 95 95 105
673 A B C D G H WithModalCalc
u (m/hr) 74.6 53.9 71 50.9 70.7 70.7 68.9
v (m/hr) 50.3 35 47.9 33.1 47.6 47.6 46.6
K, - u(deg) 42 42 42 42 53 53 53
Kg - v(deg) 326 329 330 333 -18 -18 -17
677 A B C D G H WithModalCalc
u (m/hr) 61.5 58 62.9 59.9 64.4 64.4 64.9
v (m/hr) 32 29.4 32.4 30.9 33.7 33.7 35.2
Kg - u(deg) 47 46 53 53 65 65 66
Kg - v(deg) 339 339 351 352 2 2 2
678 A B C D G H WithModalCalc
u (m/hr) 58.1 43.9 55.7 42.5 55.4 55.4 49.8
v (m/hr) 29.8 22.3 30.4 23.5 30.3 30.3 29.7
Kg - u(deg) 53 51 58 56 69 69 75
Kg - v(deg) 345 343 353 350 4 4 10
679 A B C D G H WithModalCalc
u (m/hr) 47.7 45.4 48.8 46.5 49.9 49.9 49.4
v (m/hr) 23.4 22.1 23.2 22.1 23.8 23.8 23.5
Kg - u(deg) 73 75 69 70 81 81 80
K, - v(deg) 354 355 349 351 4 4 1
North Atlantic Moorings M2 Barotropic estimates (Cont.)
M2 Amplitude and Greenwich Epoch By Method
680 A B C D G H WithModalCalc
u (m/hr) 54.1 42.6 53.4 41.7 53.4 53.4 53
v (m/hr) 26.2 21.7 25.7 20.9 26.3 26.3 25.1
Ky - u(deg) 71 70 68 66 80 80 78
Kg - v(deg) 3 359 359 353 10 10 9
784 A B C D G H WithModalCalc
u (m/hr) 29.8 18.6 27.6 17.1 27.7 27.7 27.1
v (m/hr) 20.1 14.1 18.1 11.3 18.1 18.1 17.5
Kg - u(deg) 106 106 105 107 116 116 117
K - v(deg) 339 336 333 332 -16 -16 -16
806 A B C D G H WithModalCalc
u (m/hr) 32.2 29.2 22.1 21.2 22.9 22.9 20.3
v (m/hr) 25.8 24 16.9 18 17.3 17.3 16
K9 - u(deg) 5 356 353 348 4 4 0
Kg - v(deg) 281 267 258 254 -92 -92 -104
815 A B C D G H WithModalCalc
u (m/hr) 32.6 33.6 13.9 5.7 13.9 13.9 24.4
v (m/hr) 8.7 8.5 14.6 8.7 14.7 14.7 19.9
K9 - u(deg) 111 115 359 4 11 11 -18
Kg - v(deg) 353 7 239 231 -109 -109 -118
816 A B C D G H WithModalCalc
u (m/hr) 33.8 24.1 24.9 18.3 25 25 22.2
v (m/hr) 31.7 27.6 21 16.7 21 21 17.1
Kg - u(deg) 325 316 345 343 -3 -3 -5
Kg - v(deg) 244 234 251 249 -97 -97 -104
817 A B C D G H WithModalCalc
u (m/hr) 15.3 8.1 22.9 16.5 23 23 26.3
v (m/hr) 15.3 8.6 19 14.3 18.6 18.6 20.3
Kg - u(deg) 320 274 327 318 -23 -23 -23
Kg - v(deg) 259 231 242 232 -108 -108 -113
North Atlantic Moorings
M2 Amplitude and
M2 Barotropic estimates (Cont.)
Greenwich Epoch By Method
818 A B C D G H WithModalCalc
u (m/hr) 35.5 26.7 24.6 17.3 23.4 23.4 20.8
v (m/hr) 25.6 17.8 22.2 15 21.2 21.2 19
Kg - u(deg) 304 305 295 295 -55 -55 -42
Kg - v(deg) 206 205 199 195 -151 -151 -136
819 A B C D G H WithModalCalc
u (m/hr) 49.1 36.5 29.4 22.9 29.3 29.3 20.8
v (m/hr) 33.5 28 22.3 19.1 21.9 21.9 15.2
Kg - u(deg) 343 344 338 343 -11 -11 -13
K - v(deg) 246 250 255 263 -93 -93 -86
821 A B C D G H WithModalCalc
u (m/hr) 55.6 40.9 33.5 25.1 33.3 33.3 32.5
v (m/hr) 39.7 29.5 16.8 13.5 16.8 16.8 18.4
K - u(deg) 246 241 293 292 -56 -56 -33
Kq - v(deg) 134 133 198 200 -152 -152 -116
822 A B C D G H WithModalCalc
u (m/hr) 68 55 51 40.9 50.9 50.9 43.8
v (m/hr) 51.6 43.5 37.9 30 37.9 37.9 28.4
Kg - u(deg) 269 278 268 271 -80 -80 -81
Kg - v(deg) 192 203 202 204 -146 -146 -143
824 A B C D G H WithModalCalc
u (m/hr) 7.6 7.7 20.8 16.7 21.1 21.1 28
v (m/hr) 37.1 31.3 22 19.6 21.8 21.8 31.2
K - u(deg) 58 91 149 154 168 168 -122
K - v(deg) 238 228 234 227 -122 -122 -136
839 A B C D G H WithModalCalc
u (m/hr) 15.2 13.9 15.1 13.9 14.4 14.4 14.7
v (m/hr) 7.4 6.7 8.3 8.3 8.3 8.3 8.6
Kg - u(deg) 19 20 19 17 37 37 30
K9 - v(deg) 321 318 328 331 -28 -28 -17
North Atlantic Moorings
M2 Amplitude and
M2 Barotropic estimates (Cont.)
Greenwich Epoch By Method
841 A B C D G H WithModalCalc
u (m/hr) 11.7 10.5 11.7 10.6 11.8 11.8 11.8
v (m/hr) 21.8 19 22.5 19.6 22.3 22.3 22.2
Kg - u(deg) 2 2 356 354 7 7 6
Kg - v(deg) 332 337 328 333 -20 -20 -22
Baroclinic Estimates By Mode and Mooring
Here we report the amplitude (I U, 1l, 1HS,|) and Greenwich epoch (Kg(Un, VI7, HSn))
for each mode for all moorings studied. Amplitudes are scaled so each mode has unit
energy. i.e.( =meters) Un ( x F (meters) (1)hrs hrs-
where,
/F2dz = 1(meter 3 ) (2)
Likewise, vertical modes are scaled so that they all have equal energy as each other AND
they are scaled so that a vertical mode with amplitude 1 has the same Potential Energy as
the Horizontal Kinetic Energy of a horizontal (current) mode that also has amplitude of 1.
i.e.
h (meters) = HSi hrs x GIS., (hrs2) S H, x Gl, (3)
where GlS is G1 after it has been scaled to give equal potential energy in each mode,
N2G1S2dz 1(hrs2 x meters) (4)
Thus units of U, V and HS are , I 1 and meters
Modal Estimates By Mooring
323 34N 70W 1 Upices 4 Uns ts
Mode |U| Kg(U) IV| Kgq(V) HS K (HS)
0 873 66 1273 -115 NaN NaN
1 1414 1 1564 -86 NaN NaN
2 964 -89 685 153 NaN NaN
3 315 -165 423 60 NaN NaN
4 109 102 267 -1 NaN NaN
407 28N 70W 3 Upieces 3 Ujnsts
Mode |U| Kg(U) |V| Kg(V) HS Kg(HS)
0 2112 175 246 17 NaN NaN
1 1653 -92 2124 -168 NaN NaN
2 595 7 704 -99 NaN NaN
3 447 55 430 -33 NaN NaN
4 115 -66 165 -152 NaN NaN
429 39N 70W 3 Upieces 5 Uij _ss
Mode |Ui Kg(U) |VI Kg(V) HS Kg(HS)
0 3022 103 1193 21 NaN NaN
1 1232 160 1131 92 NaN NaN
2 522 80 537 40 NaN NaN
3 242 -89 76 -167 NaN NaN
4 491 -22 393 -116 NaN NaN
Modal Estimates By Mooring (Cont.)
453 28N 69W 5 Tpieces 3 Tnsts
Mode \U| Kq(U) |V| Kq(V) HS K,(HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 193 30
2 NaN NaN NaN NaN 614 36
3 NaN NaN NaN NaN 502 -6
4 NaN NaN NaN NaN 385 -13
481 28N 70W 3 Tpieces 6 Tinsts
Mode |U\ Kq(U) |V| Kg(V) HS Ky(HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 1056 -176
2 NaN NaN NaN NaN 144 170
3 NaN NaN NaN NaN 384 -43
4 NaN NaN NaN NaN 319 5
482 28N 69W 3 Tpieces 4 Tinsts
Mode |Ut Kg(U) |V| Ky(V) HS Kg(HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 1043 58
2 NaN NaN NaN NaN 2269 -32
3 NaN NaN NaN NaN 3305 138
4 NaN NaN NaN NaN 1181 -58
483 29N 68W 3 Tpieces 3 Tiists
Mode |Ut K(U) |V Kq(V) HS Kg(HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 490 -146
2 NaN NaN NaN NaN 250 -178
3 NaN NaN NaN NaN 101 -138
4 NaN NaN NaN NaN 16 -117
Modal Estimates By Mooring (Cont.)
485 27N 68W 3 Tpeces 8 Tinsts
Mode \U| Kg(U) |V| Kg(V) HS Kg(HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 782 123
2 NaN NaN NaN NaN 425 119
3 NaN NaN NaN NaN 619 -96
4 NaN NaN NaN NaN 565 94
491 39N 70W 3 Upieces 4 Ujasts
Mode |U| Kg(U) |V| K 9 (V) HS K 9 (HS)
0 1797 94 676 13 NaN NaN
1 128 15 289 -131 NaN NaN
2 248 -146 211 179 NaN NaN
3 168 -164 52 117 NaN NaN
4 154 88 258 -11 NaN NaN
493 29N 70W 2 Tpieces 3 Tsts
Mode |Ut Kg(U) |V I K7(V) HS Kg(HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 237 73
2 NaN NaN NaN NaN 379 121
3 NaN NaN NaN NaN 177 66
4 NaN NaN NaN NaN 201 31
501 29N 69W 2 Tpieces 3 Tiises
Mode |Ut Kg(U) |Vt Kg(V) HS Kg(HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 1172 -127
2 NaN NaN NaN NaN 358 -51
3 NaN NaN NaN NaN 225 -8
4 NaN NaN NaN NaN 110 -22
Modal Estimates By Mooring (Cont.)
506 39N 70W 5 Upieces 3 Ujtses
Mode |UI Kv(U) lVi Kg(V) HS Kg(HS)
0 2198 95 657 6 NaN NaN
1 539 156 901 87 NaN NaN
2 357 -55 162 -146 NaN NaN
3 609 -42 511 -109 NaN NaN
4 307 -53 178 -125 NaN NaN
509 39N 71W 5 Upieces 3 Uiists
Mode |UI K9(U) |VI Kg(V) HS K (HS)
0 1214 91 479 -48 NaN NaN
1 788 -175 627 118 NaN NaN
2 318 127 262 20 NaN NaN
3 240 87 284 -10 NaN NaN
4 115 146 88 42 NaN NaN
523 39N 70W 7 Upiees 3 U'i s t s 7 Tiece, 3 Tinsts
Mode |UI Kg (U) |V\ Kg(V) HS K9 (H S)
0 1688 93 525 30 NaN NaN
1 1084 168 1292 77 1845 69
2 103 154 115 58 417 -123
3 316 -2 390 -95 412 -123
4 34 -21 50 -76 529 -118
524 39N 70W 7 Upieces 5 Ujrinjts 7 Tieces 5 Tnsts
Mode |UI K(U) IV| K9 (V) H S Kgq(HS)
0 1597 97 566 39 NaN NaN
1 261 -47 409 -79 933 124
2 496 137 379 142 173 -150
3 464 -63 169 -111 467 -174
4 626 104 177 -114 41 -104
Modal Estimates By Mooring (Cont.)
525 39N 71W 7 Upie.ces 3 Uinsts 7 Tpjeces 3 Tnsts
Mode jU| Kg(U) |V| Kg(V) HS K.(HS)
0 1293 97 200 9 NaN NaN
1 511 5 551 -96 1157 -134
2 186 81 120 -9 116 59
3 192 125 178 47 188 -154
4 50 65 39 -24 138 -161
542 28N 70W 6 Upieces 3 Unsts
Mode |UI Kq(U) |Vtj Ky(V) HS Kg(HS)
0 1804 109 1420 -63 NaN NaN
1 753 -26 824 -170 NaN NaN
2 304 4 436 -66 NaN NaN
3 86 83 283 -36 NaN NaN
4 78 -24 59 -151 NaN NaN
543 28N 65W 7 Tieces 3 Tinsts
Mode |UI Kg(U) |Vi Kg(V) HS Ky (HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 649 152
2 NaN NaN NaN NaN 319 -166
3 NaN NaN NaN NaN 109 -71
4 NaN NaN NaN NaN 48 -23
545 28N 56W 7 Tpieces 3 Ttsts
Mode |UI Kq(U) |V I K 9(V) HS K9 (H S)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 2044 -180
2 NaN NaN NaN NaN 799 -54
3 NaN NaN NaN NaN 884 -111
4 NaN NaN NaN NaN 82 174
Modal Estimates By Mooring (Cont.)
546 28N 55W 7 Upieces 4 Uinsts 9 Tpieces 3 Tinsts
Mode |U\ Kg(U) \V) Kg(V) HS Kg(HS)
0 2531 101 3455 -29 NaN NaN
1 986 145 1279 57 1537 -39
2 199 154 395 27 693 65
3 650 7 528 -84 830 -31
4 489 15 266 -83 87 -95
547 28N 55W 7 Upieces 4 Ui'nsts 9 Tpieces 3 Tinsts
Mode \U| Kg(U) |Vt Kq(V) HS Kq(HS)
0 2375 112 2893 -23 NaN NaN
1 1058 -147 1108 153 1696 -40
2 608 -84 528 126 628 52
3 985 -103 885 126 965 -30
4 890 -117 864 136 73 -134
548 31N 60W 7 Upieces 3 Unsts 9 Tpieces 4 Titsts
Mode |U\ Kg(U) |V| K (V) HS Kg(HS)
0 2611 110 1913 -19 NaN NaN
1 1251 -104 2239 160 1359 15
2 802 25 698 -101 1710 -71
3 449 33 397 -76 250 -49
4 124 -62 229 179 249 89
549 34N 60W 8 Upec 3 Un 8 TpieceS 3 Tinsts
Mode |Ut Kg(U) |Vt K9 (V) HS Kg(HS)
0 2612 101 1979 -24 NaN NaN
1 892 -81 702 152 1422 -58
2 345 141 437 63 1618 -147
3 118 97 97 -33 1057 -11
4 155 -61 122 -150 160 -74
Modal Estimates By Mooring (Cont.)
553 32N 64W 5 Upieces 3 Uirsts 5 Tieces 3 Tjrtsts
Mode |U| Kg(U) |Vt Kg(V) HS Kq(HS)
0 2534 118 1545 28 NaN NaN
1 1267 0 957 -114 1569 -127
2 764 -129 709 145 497 -9
3 278 149 870 6 206 131
4 267 26 187 -119 265 133
554 32N 65W 9 Upjecs 3 Uinsts 9 Tieces 4 Tjrtts
Mode |U\ Kg(U) |VI K(V) HS K (HS)
0 1177 85 2013 -23 NaN NaN
1 737 -93 1150 152 1890 -31
2 145 -89 202 -26 950 -173
3 764 90 258 -50 410 153
4 369 -91 237 140 546 168
555 33N 64W 3 Upieces 5 Uijrss 6 Tpieces 5 Tinsts
Mode |Ut Kg(U) |V| Kq(V) HS K 9 (HS)
0 2314 110 2124 -21 NaN NaN
1 1060 -43 1267 54 2347 -94
2 1035 113 1207 -96 1924 108
3 470 -44 280 95 224 -1
4 518 89 2061 -93 1160 96
557 36N 55W 7 Upteces 4 Uitsts 7 Tpices 10 Tinses
Mode |U| Ky(U) |Vt Ky(V) HS K 9 (HS)
0 2908 92 2076 -24 NaN NaN
1 410 2 370 -69 2810 124
2 340 -172 440 132 1696 -14
3 319 146 105 77 1643 178
4 136 98 162 -38 1669 -0
Modal Estimates By Mooring (Cont.)
558 36N 55W 7 Tpteces 4 Tinsts
Mode |U\ Kg(U) IV| Kg(V) HS Kg(HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 1718 49
2 NaN NaN NaN NaN 1482 30
3 NaN NaN NaN NaN 1525 173
4 NaN NaN NaN NaN 1933 178
559 36N 54W 5 Upieces 3 Ui-nss 5 Tpieces 4 Tinsts
Mode |U| Kg(U) |V| Kg(V) HS Kg(HS)
0 2830 90 1913 -21 NaN NaN
1 699 180 955 124 809 -21
2 624 98 518 5 1545 100
3 271 62 353 -29 251 -178
4 57 -152 87 136 539 -176
564 37N 55W 7 Upieces 4 Utntss 7 Tptece, 5 Tilsts
Mode jU Kg(U) |VI Kg(V) HS Kq(HS)
0 2910 97 1721 -27 NaN NaN
1 329 -143 508 144 649 -55
2 413 6 380 -111 1243 80
3 68 177 103 172 930 -54
4 168 -157 174 132 1534 91
565 36N 55W 7 Upices 3 Uit 8s 7 Tpeces 7 Tritsts
Mode |U| Kg(U) |VI K9(V) HS Kg(HS)
0 2334 100 1512 -14 NaN NaN
1 659 -59 568 -127 2123 121
2 284 2 44 -153 1343 6
3 260 162 261 76 2219 179
4 256 -146 127 120 2613 18
Modal Estimates By Mooring (Cont.)
566 35N 55W 7 Upieces 4 Ujttst 7 Tpieces 5 Tinsts
Mode |UI Kg(U) |V\ Kg(V) HS Kq(H S)
0 2833 92 2203 -24 NaN NaN
1 200 -74 701 -179 1140 -8
2 465 -36 324 -114 1644 -147
3 120 -34 201 -37 467 92
4 84 -103 56 178 1616 -142
567 32N 55W 4 Upieces 4 Uirsts 4 Tpieces 5 Tinsts
Mode |UI Kq(U) |V| K (V) HS K9 (HS)
0 2675 83 3037 -38 NaN NaN
1 782 -145 539 177 915 126
2 255 -118 648 160 1920 129
3 410 168 375 66 459 -166
4 408 -174 218 64 1107 106
568 36N 59W 2 Upieces 4 Uinsts 2 Tpieces 5 Tinsts
Mode |U| Kg(U) |V| Kq(V) HS Ky(HS)
0 2107 99 1502 -36 NaN NaN
1 428 -15 577 -51 1230 116
2 888 34 1155 -66 1292 -159
3 535 132 480 14 1366 138
4 398 161 417 42 838 -50
577 37N 55W 10 Upieces 3 Ujnsts 10 Tpie(.es 4 Tinsts
Mode \U| K (U) \V| Kg(V) HS Kg (H S)
0 2963 95 1888 -29 NaN NaN
1 717 163 655 87 2162 -95
2 494 58 363 -32 1438 123
3 45 147 32 -89 1592 -85
4 187 -163 145 117 670 32
Modal Estimates By Mooring (Cont.)
578 36N 54W 9 Upieces 4 Uinsts 8 Tieces 5 Tists
Mode \U| Kg(U) IV| Ky(V) HS K9 (HS)
0 2757 84 1976 -25 NaN NaN
1 1043 136 836 72 902 -39
2 1017 71 492 -6 1969 73
3 236 2 270 -114 323 79
4 130 -130 155 170 434 -16
579 36N 55W 9 Upies 4 Uijrsts 7 Tpieces 7 Tnsts
Mode |Uj Kg(U) IV| Kg(V) HS K9 (HS)
0 2911 91 1981 -28 NaN NaN
1 1151 -9 730 -112 2222 77
2 569 -93 582 155 271 178
3 62 146 250 97 1035 103
4 220 21 38 -51 742 -106
580 32N 55W 5 Upieces 4 Uinsts 5 Tpieces 5 Tirtsts
Mode |U| Kg(U) IV| Kg(V) HS Kg(HS)_
0 2811 87 3204 -42 NaN NaN
1 557 173 541 124 1378 160
2 586 122 610 90 1908 154
3 169 44 563 36 787 158
4 87 -70 202 42 907 166
581 35N 55W 2 Upieces 4 Uirtsts 10 Tpieces 5 Tinsts
Mode \U| Kg(U) |V| Kg(V) HS Kg(HS)
0 2718 97 2236 -40 NaN NaN
1 307 -35 912 -114 885 -1
2 523 -11 736 -74 525 -83
3 426 47 379 -14 194 179
4 271 52 139 -25 394 45
Modal Estimates By Mooring (Cont.)
582 36N 55W 10 Tpieces 3 Tinsts
Mode |UI Kg(U) \Vi Kg(V) HS Kg(HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 3885 98
2 NaN NaN NaN NaN 747 -77
3 NaN NaN NaN NaN 458 -65
4 NaN NaN NaN NaN 807 -73
583 36N 55W 5 Upiece 3 Uinst, 9 Tpieces 7 Tinsts
Mode |UI Kg(U) |VI Kg(V) HS Kg(HS)
0 2837 92 1913 -37 NaN NaN
1 337 -139 256 -163 779 -161
2 948 -133 754 138 3271 72
3 212 -171 312 95 6527 -99
4 89 121 124 63 3832 77
584 36N 59W 6 Tieces 3 Tinsts
Mode |UI Kg(U) |V| Kg(V) HS Kg(HS)
0 NaN NaN NaN NaN NaN NaN
1 NaN NaN NaN NaN 502 5
2 NaN NaN NaN NaN 671 -95
3 NaN NaN NaN NaN 713 -47
4 NaN NaN NaN NaN 803 -29
593 ON 50W 2 Upieces 3 Uirsts 7 Tpjeces 3 Tiists
Mode |UI Kg(U) |V| Kg(V) HS Kg (HS)
0 3563 134 2567 117 NaN NaN
1 596 151 1731 138 1997 -163
2 1534 -41 1044 -52 3821 -138
3 1146 138 244 106 6097 35
4 582 -41 382 -53 5698 -146
Modal Estimates By Mooring (Cont.)
597 ON 53E 6 Upieces 3 Uijnsts 6 Tpieces 3 Tijrsts
Mode \U| Ky (U) |VI Kg(V) HS K,(HS)
0 4867 144 2776 126 NaN NaN
1 1141 120 746 -178 4138 112
2 234 165 360 73 1052 116
3 274 -125 684 53 122 -109
4 81 -170 277 61 1634 -71
640 31N 69W 5 Upieces 8 Ui,,sts 5 Tieces 10 Titsts
Mode |U| Kg(U) |V I K(V) HS K (HS)
0 1863 125 987 -39 NaN NaN
1 347 -59 1140 -170 928 26
2 445 44 196 -71 147 -154
3 223 44 98 -71 73 -154
4 258 47 258 -165 600 55
Energy Ratio Consistancy By Mooring
Moorings South of Africa
M787 semi M2 S2 N2 diur K1 01 P1
inst5 A NaN NaN NaN NaN NaN NaN NaN NaN
inst8 A 0.58 5.04 1.07 1.45 NaN NaN NaN NaN
inst9 A 0.77 5.44 1.19 2.27 NaN NaN NaN NaN
inst13 A 0.29 0.48 0.4 0.26 NaN NaN NaN NaN
M788 semi M2 S2 N2 diur K1 01 P1
inst2b A 0.49 2.22 1.45 0.87 NaN NaN NaN NaN
inst5a A 0.18 1.16 0.39 0.25 NaN NaN NaN NaN
inst6a A 0.15 1.35 0.61 0.23 NaN NaN NaN NaN
inst7b A NaN NaN NaN NaN NaN NaN NaN NaN
inst8b A 0.14 1.15 0.77 0.24 NaN NaN NaN NaN
inst9b A 0.17 0.97 0.59 0.38 NaN NaN NaN NaN
inst1Ob A 0.28 0.82 0.91 0.27 NaN NaN NaN NaN
instlb A 0.5 0.54 1.24 0.64 NaN NaN NaN NaN
instl2l A 0.83 0.33 1.33 0.82 NaN NaN NaN NaN
inst131 A 0.51 1.41 1.35 1.68 NaN NaN NaN NaN
instl4b A 0.67 1.03 0.97 0.81 NaN NaN NaN NaN
inst15b A 0.26 3.03 1.7 1.24 NaN NaN NaN NaN
M792 semi M2 S2 N2 diur Ki 01 P1
inst4L A 0.05 0.19 0.33 0.21 NaN NaN NaN NaN
inst8c A 2.68 13.01 14.76 3.94 NaN NaN NaN NaN
inst9c A 3.87 62.14 23.05 42.78 NaN NaN NaN NaN
inst14L A 1 1.36 0.5 7.73 NaN NaN NaN NaN
M793 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.51 1.12 2.46 0.49 NaN NaN NaN NaN
inst2 A 5.85 0.65 3.21 0.89 NaN NaN NaN NaN
inst3 A 2.79 4.18 2.45 0.86 NaN NaN NaN NaN
Energy Ratio Consistancy Results By Mooring (Cont.)
Moorings South of Africa(Cont.)
M794 semi M2 S2 N2 diur Ki 01 P1
instl A 2.01 3.07 3.11 1.78 NaN NaN NaN NaN
inst2 A 3.36 1.25 1.11 1.6 NaN NaN NaN NaN
inst3 A 0.59 8.35 2.26 0.61 NaN NaN NaN NaN
M795 semi M2 S2 N2 diur KI 01 P1
inst1 A 0.65 4.18 4.34 1.9 NaN NaN NaN NaN
inst2 A 1.86 0.61 0.72 1.11 NaN NaN NaN NaN
inst3 A 0.17 0.3 0.08 0.02 NaN NaN NaN NaN
M797 semi M2 S2 N2 diur K1 01 P1
instI A 0.65 0.3 0.81 0.18 NaN NaN NaN NaN
inst2 A 1.68 0.97 0.74 1.07 NaN NaN NaN NaN
inst3 A 0.41 2.52 1.65 0.39 NaN NaN NaN NaN
M798 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.4 1.51 2.17 0.91 NaN NaN NaN NaN
inst2 A 0.74 0.23 0.24 0.46 NaN NaN NaN NaN
inst3 A 0 0.59 0.29 0.02 NaN NaN NaN NaN
Energy Ratio Consistancy By Mooring
Moorings East of Africa
M553 semi M2 S2 N2 diur KI 01 P1
inst1 A 0.23 8.22 1.36 0.95 NaN NaN NaN NaN
inst2 A 0.42 2.96 1.62 0.95 NaN NaN NaN NaN
inst4 A 0.39 0.63 0.69 0.23 NaN NaN NaN NaN
M610 semi M2 S2 N2 diur K1 01 P1
inst1 A 1.11 0.51 0.5 0.14 NaN NaN NaN NaN
inst2 A 1.28 0.38 1.61 0.32 NaN NaN NaN NaN
inst3 A 0.26 2.28 1.26 0.63 NaN NaN NaN NaN
inst4 A 0.35 1.2 0.61 0.84 NaN NaN NaN NaN
M611 semi M2 S2 N2 diur KI 01 P1
inst1 A 1.88 1.72 1.68 0.51 NaN NaN NaN NaN
inst3 A 1.21 0.73 0.87 0.42 NaN NaN NaN NaN
inst4 A 0.2 0.98 0.31 0.45 NaN NaN NaN NaN
M617 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.16 1.2 0.99 1.37 NaN NaN NaN NaN
inst2 A 0.09 2.85 0.79 2.3 NaN NaN NaN NaN
inst3 A 0.09 102.86 8.46 7.74 NaN NaN NaN NaN
Energy Ratio Consistancy By Mooring
South Atlantic Moorings
M825 semi M2 S2 N2 diur KI 01 P1
inst1 A 0.14 0.56 0.8 0.52 NaN NaN NaN NaN
inst2 A 1.89 0.66 3.82 0.47 NaN NaN NaN NaN
inst3 A 0.49 5.56 1.14 1.46 NaN NaN NaN NaN
M826 semi M2 S2 N2 diur K1 01 P1
inst1 A 1.29 6.32 4.09 1.49 NaN NaN NaN NaN
inst2 A 4.29 0.83 1.15 2.12 NaN NaN NaN NaN
inst3 A 0.43 0.68 0.36 0.05 NaN NaN NaN NaN
M827 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.19 1.17 3.71 1.01 NaN NaN NaN NaN
inst2 A 1.58 0.64 0.64 0.3 NaN NaN NaN NaN
inst3 A 0.26 0.3 0.22 0.03 NaN NaN NaN NaN
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Energy Ratio Consistancy By Mooring
North Pacific Moorings
M633 semi M2 S2 N2 diur K1 01 P1
inst2 A 0.08 0.88 0.62 0.68 NaN NaN NaN NaN
inst3 A 0.16 1.04 1.07 0.67 NaN NaN NaN NaN
inst4 A 0.07 0.48 0.29 0.48 NaN NaN NaN NaN
M640 semi M2 S2 N2 diur K1 01 P1
inst 1 A NaN NaN NaN NaN NaN NaN NaN NaN
inst2 A 0.08 3.81 0.87 1.64 NaN NaN NaN NaN
inst3 A 0.04 1.21 0.15 0.79 NaN NaN NaN NaN
inst4 A 0.1 1.11 0.55 0.63 NaN NaN NaN NaN
inst6 A 0.29 0.41 1.23 0.31 NaN NaN NaN NaN
inst10Aa A 0.14 0.53 0.87 0.3 NaN NaN NaN NaN
inst1lA A 0.39 1.76 0.65 0.31 NaN NaN NaN NaN
inst12 A 35.52 2286.03 858.39 807.9 NaN NaN NaN NaN
M648 semi M2 S2 N2 diur K1 01 P1
instI A 0.85 2.51 3.07 7.66 3.09 0.21 0 -0.78
inst4 A 1.66 6.8 3.79 0.23 2.03 0.78 -0.16 -0.88
inst7 A 1.17 9.91 3.48 1.13 4.69 1.59 -0.08 -0.46
M655 semi M2 S2 N2 diur K1 01 P1
instle A 1.95 2.51 3.96 1.71 1.85 4.43 2.61 1.19
inst2 A 0.8 2.5 4.17 1.29 1.59 1.17 2.43 1.01
inst3 A 1.16 2.2 2.6 1.42 1.72 1.79 1.19 0.9
M662 semi M2 S2 N2 diur K1 01 P1
instle A 2.45 4.5 4.5 1.65 2.6 4.95 2.06 2.03
inst2 A 0.81 1.36 0.77 0.45 0.8 2.03 0.26 0.47
inst3 A 0.73 2.3 1.36 0.94 1.03 0.99 0.41 0.88
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Energy Ratio Consistancy Results By Mooring (Cont.)
North Pacific Moorings(Cont.)
M695 semi M2 S2 N2 diur Ki 01 P1
inst1 A 1.84 8.56 2.72 1.48 NaN NaN NaN NaN
inst2 A 0.12 0.08 0.07 0.08 NaN NaN NaN NaN
inst4 A 0.26 0.26 0.12 1.42 NaN NaN NaN NaN
inst5 A 9.37 367.28 146.74 157.54 NaN NaN NaN NaN
M697 semi M2 S2 N2 diur KI 01 P1
inst1 A 1.14 2.02 0.92 1.15 NaN NaN NaN NaN
inst2 A 1.79 0.74 0.41 0.47 NaN NaN NaN NaN
inst3 A 0.02 0.13 0.07 0.02 NaN NaN NaN NaN
M698 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.08 0.4 0.41 0.35 NaN NaN NaN NaN
inst2 A 0.36 0.18 0.28 0.14 NaN NaN NaN NaN
inst3 A 0 0 0 0 NaN NaN NaN NaN
M699 semi M2 S2 N2 diur KI 01 P1
inst1 A 0.12 0.12 0.36 0.16 NaN NaN NaN NaN
inst3 A 0.97 0.52 0.82 1.04 NaN NaN NaN NaN
inst4 A 0 0 0 0 NaN NaN NaN NaN
M700 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.11 0.26 0.64 0.14 NaN NaN NaN NaN
inst2 A 0.5 0.25 0.39 0.23 NaN NaN NaN NaN
inst3 A 0.29 1.25 2.54 0.57 NaN NaN NaN NaN
M701 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.01 0.03 0.06 0.02 NaN NaN NaN NaN
inst2 A 0.05 0.34 0.19 0.19 NaN NaN NaN NaN
inst3 A 0.15 0.25 0.26 0.21 NaN NaN NaN NaN
inst4 A 0.02 0.43 0.14 0.06 NaN NaN NaN NaN
M702 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.22 0.47 1.1 1.01 NaN NaN NaN NaN
inst2 A 0.37 0.32 0.39 0.48 NaN NaN NaN NaN
inst3 A 0.01 0.21 0.12 0.03 NaN NaN NaN NaN
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Energy Ratio Consistancy Results By Mooring (Cont.)
North Pacific Moorings(Cont.)
M704 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.59 1.83 1.94 1.94 1.83 0.61 -0.05 -0.6
inst2 A 0.77 0.48 1.44 0.63 0.82 1.06 -0.08 -1.33
inst3 A 0.27 0.22 0.47 0.48 0.36 0.24 -0.13 -0.22
inst4 A 0.06 0.82 1.33 0.24 0.44 0.12 -0.01 -0.05
inst5 A 0 0.04 0.01 0 0.01 0 0 0
M718 semi M2 S2 N2 diur K1 01 P1
instI A 0.59 12.69 3.53 1.95 5.2 0.66 -0.06 -0.52
inst2 A 0.72 1.48 1.99 0.56 1.1 0.9 -0.28 -0.75
inst3 A 0.35 0.1 0.54 0.25 0.28 0.15 -0.07 -0.13
inst4A A 0.05 2.29 0.78 0.33 0.89 0.09 -0.01 -0.03
inst5 A 0 0.08 0.02 0.01 0.01 0 0 0
M721 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.02 0.1 0.13 0.08 NaN NaN NaN NaN
inst3 A 0.15 0.13 0.42 0.13 NaN NaN NaN NaN
inst4 A 0 0 0 0 NaN NaN NaN NaN
inst5 A 4.06 617.91 183.71 68.78 NaN NaN NaN NaN
M724 semi M2 S2 N2 diur KI 01 P1
inst1 A 0.1 0.33 0.16 0.2 NaN NaN NaN NaN
inst2 A 0.19 0.98 0.45 0.63 NaN NaN NaN NaN
inst3 A 0.48 0.82 0.48 0.82 NaN NaN NaN NaN
inst4 A 0.01 0.04 0.02 0.01 NaN NaN NaN NaN
inst5 A 0.09 4.18 0.81 0.58 NaN NaN NaN NaN
M725 semi M2 S2 N2 diur K1 01 P1
inst1 A 1.74 4.69 4.63 1.65 NaN NaN NaN NaN
inst2 A 1.92 0.82 1.16 0.82 NaN NaN NaN NaN
inst3 A 0.26 1.14 0.21 0.25 NaN NaN NaN NaN
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Energy Ratio Consistancy Results By Mooring (Cont.)
North Pacific Moorings(Cont.)
M728 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.04 0.72 1.44 0.3 NaN NaN NaN NaN
inst2 A 0.01 0.18 0.14 0.07 NaN NaN NaN NaN
inst3 A 0.87 0.69 1.43 0.51 NaN NaN NaN NaN
inst4 A 0.02 0.01 0.01 0.01 NaN NaN NaN NaN
inst5 A 17.27 360.21 115.22 80.61 NaN NaN NaN NaN
M730 semi M2 S2 N2 diur K1 01 P1
inst1 A 40.8 3.76 1.99 1.15 NaN NaN NaN NaN
inst2 A 31.99 4.69 1.64 0.73 NaN NaN NaN NaN
inst3 A 78.75 41.88 6.51 2.1 NaN NaN NaN NaN
M731 semi M2 S2 N2 diur K1 01 P1
inst1 A 11.23 0.53 0.26 0.51 NaN NaN NaN NaN
inst2 A 4.6 0.24 0.3 0.2 NaN NaN NaN NaN
inst3B A 70.58 97.86 86.22 17.49 NaN NaN NaN NaN
M766 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.51 0.84 0.3 0.5 NaN NaN NaN NaN
inst2 A 0.3 0.45 0.11 0.27 NaN NaN NaN NaN
inst3 A 0.83 1.93 0.81 0.81 NaN NaN NaN NaN
inst4 A 0.6 2.47 0.79 0.44 NaN NaN NaN NaN
inst5 A 0.64 3.82 1.13 2.13 NaN NaN NaN NaN
inst6 A 0.67 3.5 1.58 0.95 NaN NaN NaN NaN
instil A 0.6 0.48 0.29 0.26 NaN NaN NaN NaN
inst12 A 0.74 0.29 0.36 0.2 NaN NaN NaN NaN
inst13 A 0.38 0.73 0.48 0.38 NaN NaN NaN NaN
inst15 A 0.36 1.46 1.39 0.88 NaN NaN NaN NaN
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Energy Ratio Consistancy Results By Mooring (Cont.)
North Pacific Moorings(Cont.)
M771 semi M2 S2 N2 diur KI 01 P1
inst1 A 0.15 0.19 0.47 0.19 NaN NaN NaN NaN
inst2 A 0.26 0.11 0.45 0.23 NaN NaN NaN NaN
inst3d A 0.16 0.18 0.22 0.11 NaN NaN NaN NaN
inst4 A 0.26 0.37 0.19 0.09 NaN NaN NaN NaN
M776 semi M2 S2 N2 diur K1 01 P1
inst2 A 0.31 0.52 0.61 0.46 NaN NaN NaN NaN
inst4 A 0.3 0.73 0.46 0.22 NaN NaN NaN NaN
inst5 A 0.26 4.92 0.76 0.7 NaN NaN NaN NaN
inst6 A 0.03 3.21 0.28 0.69 NaN NaN NaN NaN
M830 semi M2 S2 N2 diur K1 01 P1
instI A 0.39 1.11 0.15 0.56 0.61 0.21 0.22 0.33
inst3 A 1.59 3.3 1.26 2.32 2.21 0.92 0.57 1.93
inst4 A 1.07 1.32 0.48 1.01 0.96 0.42 0.82 0.92
inst5 A 1.25 0.81 0.7 0.75 0.8 1.62 0.78 0.5
inst6 A 0.5 1.05 0.2 0.43 0.53 0.35 0.36 0.54
inst8 A 0.16 6.65 0.67 0.66 1.54 0.25 0.08 0.05
M831 semi M2 S2 N2 diur K1 01 P1
instI A 1.37 4.1 2.03 1.89 NaN NaN NaN NaN
inst3 A 0.3 1.22 0.54 0.83 NaN NaN NaN NaN
inst4 A 0.9 3.13 1.51 1.06 NaN NaN NaN NaN
M834 semi M2 S2 N2 diur K1 01 P1
inst2 A NaN NaN NaN NaN NaN NaN NaN NaN
inst3 A 0.17 0.56 0.45 0.34 0.37 -0.14 -0.36 -0.18
inst4 A 0.56 6.14 2.47 2.46 1.96 -0.44 -1.37 -0.8
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Energy Ratio Consistancy Results By Mooring (Cont.)
North Pacific Moorings(Cont.)
M835 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.46 1.13 1.21 0.83 1.03 -0.46 -0.48 -0.53
inst2 A 0.01 0.02 0.03 0.02 0.02 -0.01 -0.01 -0.01
inst3 A 0.11 0.5 0.24 0.33 0.28 -0.17 -0.15 -0.1
inst4 A 0.46 2.83 1.19 1.01 0.84 -0.53 -0.94 -0.58
M836 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.08 0.55 0.42 0.34 0.23 -0.1 -0.07 -0.11
inst3 A 0.04 0.27 0.15 0.14 0.14 -0.07 -0.04 -0.05
inst4 A 0.78 3.01 1.21 0.9 1.46 -1.44 -1.03 -0.59
M837 semi M2 S2 N2 diur K1 01 P1
inst2 A 0.02 0.05 0.07 0.05 0.05 -0.05 -0.06 -0.05
inst3 A 0.11 0.31 0.34 0.31 0.23 -0.16 -0.26 -0.13
inst4 A 0.39 1.65 1.23 1.18 0.89 -0.65 -0.5 -0.68
M838 semi M2 S2 N2 diur K1 01 P1
insti A 0.16 0.3 0.4 0.31 0.32 -0.24 -0.25 -0.21
inst2 A 0.04 0.05 0.06 0.14 0.08 -0.06 -0.05 -0.07
inst3 A 0.11 0.22 0.18 0.17 0.23 -0.1 -0.06 -0.07
inst4 A 0.65 2.73 1.74 3.06 1.71 -0.66 -0.94 -0.86
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M523 semi M2 S2 N2 diur KI 01 P1
inst1 A 0.47 0.87 0.55 0.33 NaN NaN NaN NaN
inst2 A 0.47 4.61 0.57 1.26 NaN NaN NaN NaN
inst3 A 0.42 6.61 0.31 0.84 NaN NaN NaN NaN
M524 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.2 0.27 0.26 0.63 NaN NaN NaN NaN
inst3 A 0.22 0.3 0.22 0.74 NaN NaN NaN NaN
inst4 A 1.07 0.73 0.33 0.37 NaN NaN NaN NaN
inst5 A 0.51 1.16 0.52 0.39 NaN NaN NaN NaN
inst6 A 0.71 1.85 1.01 0.66 NaN NaN NaN NaN
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M546 semi M2 S2 N2 diur KI 01 P1
instI A 1.17 0.56 1.33 0.3 0.61 1.45 -0.14 -0.89
inst3 A 0.77 4.59 3.7 1.01 2.24 0.66 -0.06 -0.59
inst5 A 1.1 3.8 1.29 1.42 2.28 2.36 -0.13 -0.81
inst7 A NaN NaN NaN NaN NaN NaN NaN NaN
M547 semi M2 S2 N2 diur K1 01 P1
inst1 A 1.16 1.1 0.85 0.27 0.98 0.91 -0.29 -0.57
inst3 A 1.45 1.47 1.47 1.53 1.38 3.2 -0.44 -2.05
inst4 A 1.34 4.53 5.75 2.27 4.03 1.01 -0.46 -2.53
inst5 A NaN NaN NaN NaN NaN NaN NaN NaN
M548 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.08 1.05 0.89 0.15 NaN NaN NaN NaN
inst5 A 0.31 0.66 0.68 0.48 NaN NaN NaN NaN
inst6 A 0.14 0.98 0.64 0.57 NaN NaN NaN NaN
M549 semi M2 S2 N2 diur K1 01 P1
inst1 A 1.04 0.67 5.25 0.56 NaN NaN NaN NaN
inst3 A 1.57 0.6 0.6 0.57 NaN NaN NaN NaN
inst5 A 0.35 3.75 4.31 0.85 NaN NaN NaN NaN
M554 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.19 3.48 2.47 0.73 NaN NaN NaN NaN
inst2 A 0.27 1.69 1.82 0.61 NaN NaN NaN NaN
inst4 A 0.41 0.19 0.13 0.52 NaN NaN NaN NaN
M555 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.12 0.26 0.28 2.58 NaN NaN NaN NaN
inst2 A 0.28 0.18 0.88 1.04 NaN NaN NaN NaN
inst4 A 0.36 0.12 0.29 0.37 NaN NaN NaN NaN
inst5 A 0.42 0.17 0.61 0.19 NaN NaN NaN NaN
inst7 A 0.02 13.87 6.15 1.09 NaN NaN NaN NaN
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M557 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.75 0.15 0.6 0.1 NaN NaN NaN NaN
inst3 A 0.63 0.25 1.17 0.21 NaN NaN NaN NaN
inst5 A 0.3 2.4 2.53 0.49 NaN NaN NaN NaN
inst1O A 0.55 4.52 0.78 1.47 NaN NaN NaN NaN
M559 semi M2 S2 N2 diur K1 01 P1
instI A 0.63 1.29 0.14 0.38 NaN NaN NaN NaN
inst4 A 0.21 0.55 0.96 0.66 NaN NaN NaN NaN
inst5 A 0.34 2.6 0.61 2.65 NaN NaN NaN NaN
M564 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.19 0.11 0.06 0.27 NaN NaN NaN NaN
inst3 A 1.38 0.86 1.01 0.48 NaN NaN NaN NaN
inst4 A 1.02 3.28 1.27 1.58 NaN NaN NaN NaN
inst5 A 1.08 5.95 2.63 1.73 NaN NaN NaN NaN
M566 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.83 1.15 0.68 2.26 NaN NaN NaN NaN
inst3 A 0.75 0.42 0.32 0.74 NaN NaN NaN NaN
inst4 A 0.13 1.77 0.56 1.08 NaN NaN NaN NaN
inst5 A 0.25 1.69 0.98 0.63 NaN NaN NaN NaN
M567 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.69 4.97 4.92 0.93 NaN NaN NaN NaN
inst3 A 0.72 3.21 0.98 0.57 NaN NaN NaN NaN
inst4B A 0.06 2.65 0.82 0.72 NaN NaN NaN NaN
inst5 A 0.1 2.53 0.81 0.41 NaN NaN NaN NaN
M568 semi M2 S2 N2 diur Ki 01 P1
insti A 0.13 0.52 0.81 0.13 NaN NaN NaN NaN
inst3 A 0.46 1.31 0.04 1.03 NaN NaN NaN NaN
inst4 A 0.54 0.78 0.23 0.58 NaN NaN NaN NaN
inst5 A 0.2 15.28 0.82 1.44 NaN NaN NaN NaN
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M578 semi M2 S2 N2 diur KI 01 P1
inst1 A 0.8 0.52 0.64 0.99 NaN NaN NaN NaN
inst3 A 0.93 0.3 0.21 0.31 NaN NaN NaN NaN
inst4 A 0.21 1.54 1.08 0.84 NaN NaN NaN NaN
inst5 A 0.44 3.01 0.54 0.98 NaN NaN NaN NaN
M579 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.46 0.43 0.27 0.07 NaN NaN NaN NaN
inst3 A 0.74 0.61 0.62 0.75 NaN NaN NaN NaN
inst4 A 0.44 1.29 0.89 0.64 NaN NaN NaN NaN
inst6 A 0.35 1.02 1.19 0.22 NaN NaN NaN NaN
M580 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.62 2.27 2.79 0.75 NaN NaN NaN NaN
inst3 A 0.95 3.8 3.26 1.1 NaN NaN NaN NaN
inst4 A 0.14 2.62 2.01 1.36 NaN NaN NaN NaN
inst5 A 0.23 3.58 1.62 0.74 NaN NaN NaN NaN
M583 semi M2 S2 N2 diur Ki 01 P1
inst3 A 0.36 0.12 0.67 0.17 NaN NaN NaN NaN
inst5 A 0.34 2.2 1.34 0.48 NaN NaN NaN NaN
inst1O A 0.28 3.91 0.4 2.64 NaN NaN NaN NaN
M597 semi M2 S2 N2 diur K1 01 P1
inst1 A 2.26 2.43 0.94 1.15 1.15 2.69 2.02 0.73
inst4 A 0.66 6.07 1.7 0.74 2.05 1.94 0.85 0.6
inst5 A 0.96 15.23 2.95 0.92 2.5 3.18 0.5 0.77
M598 semi M2 S2 N2 diur Ki 01 P1
inst3 A 1.34 0.35 0.27 0.55 NaN NaN NaN NaN
inst4 A 0.69 2.77 1.92 1.74 NaN NaN NaN NaN
inst5 A 0.19 3.78 1.08 0.85 NaN NaN NaN NaN
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M601 semi M2 S2 N2 diur Ki 01 P1
instI A 0.85 0.41 0.71 0.67 NaN NaN NaN NaN
inst3 A 0.77 0.13 0.62 0.15 NaN NaN NaN NaN
inst4 A NaN NaN NaN NaN NaN NaN NaN NaN
inst5 A 0.29 2.93 0.76 0.76 NaN NaN NaN NaN
M606 semi M2 S2 N2 diur KI 01 P1
inst3 A 0.07 0.11 0.08 0.08 NaN NaN NaN NaN
inst4 A 0.1 0.09 0.24 0.16 NaN NaN NaN NaN
inst5 A 0.34 2.77 1.88 1.03 NaN NaN NaN NaN
M607 semi M2 S2 N2 diur Ki 01 P1
inst1 A 1.21 0.78 0.44 0.3 NaN NaN NaN NaN
inst2 A 1.42 0.73 0.71 0.46 NaN NaN NaN NaN
inst3 A 0.64 1.71 0.99 1.1 NaN NaN NaN NaN
inst4 A 0.38 3.46 0.63 2.47 NaN NaN NaN NaN
M608 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.67 0.5 0.56 0.64 NaN NaN NaN NaN
inst3 A 0.54 0.4 0.31 0.41 NaN NaN NaN NaN
inst5 A 0.26 2.27 1.34 0.33 NaN NaN NaN NaN
M620 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.2 0.94 0.64 0.53 NaN NaN NaN NaN
inst2 A 0.26 1.49 0.72 0.97 NaN NaN NaN NaN
inst3 A 0.19 34.59 1.99 3.34 NaN NaN NaN NaN
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M626 semi M2 S2 N2 diur KI 01 P1
inst I A 1.35 2.33 0.66 4.6 1.91 1.95 0.14 -0.13
inst3 A 0.59 4.39 1.28 0.52 1.84 0.39 0.38 -0.03
inst5 A 1.57 176.46 32.35 25.18 47.47 3.32 2.59 -0.28
M663 semi M2 S2 N2 diur Ki 01 P1
inst1 A 1.94 2.22 1.33 1.72 1.71 2.95 2.14 1.38
inst2 A 1.49 5.89 4.39 1.78 2.66 0.82 1.41 1.69
inst3 A 1.35 2.73 2.59 1.62 2.04 0.75 2 1.58
M673 semi M2 S2 N2 diur KI 01 P1
inst1 A 1.73 4.78 2.13 0.99 NaN NaN NaN NaN
inst3 A 0.24 1.8 0.81 1.11 NaN NaN NaN NaN
inst4 A 0.5 11.34 4.72 4.45 NaN NaN NaN NaN
M677 semi M2 S2 N2 diur K1 01 P1
inst1 A 2.01 0.59 1.65 0.42 NaN NaN NaN NaN
inst3 A 0.12 6 0.67 0.54 NaN NaN NaN NaN
inst4 A 0.26 7.08 2.29 0.54 NaN NaN NaN NaN
inst5 A 0 0.89 0.07 0.02 NaN NaN NaN NaN
inst6 A 0.18 75.08 6.46 1.63 NaN NaN NaN NaN
M678 semi M2 S2 N2 diur K1 01 P1
inst1 A NaN NaN NaN NaN NaN NaN NaN NaN
inst3 A 0.14 6.4 0.4 0.77 NaN NaN NaN NaN
inst4 A 0.2 4.48 1.33 1.19 NaN NaN NaN NaN
inst5 A 0.29 183.36 24.39 13.29 NaN NaN NaN NaN
M679 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.21 0.06 0.22 0.16 NaN NaN NaN NaN
inst3 A 0.07 1.08 0.76 0.43 NaN NaN NaN NaN
inst4B A 0.51 2.4 1.46 2.09 NaN NaN NaN NaN
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M680 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.24 0.43 0.32 0.18 NaN NaN NaN NaN
inst3 A 0.15 2.57 1.18 1.15 NaN NaN NaN NaN
inst4 A 0.34 4.84 0.72 0.86 NaN NaN NaN NaN
M784 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.12 0.44 0.48 0.3 NaN NaN NaN NaN
inst2 A 0.34 0.87 0.5 0.79 NaN NaN NaN NaN
inst3 A 0.33 3.34 1.43 2.24 NaN NaN NaN NaN
M806 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.17 0.37 0.88 0.2 NaN NaN NaN NaN
inst2 A 0.7 0.71 0.54 0.37 NaN NaN NaN NaN
inst3 A 0.01 0.05 0.03 0.03 NaN NaN NaN NaN
M815 semi M2 S2 N2 diur KI 01 P1
inst1 A 0.5 7.55 8.33 5.75 NaN NaN NaN NaN
inst2 A 0.6 0.47 0.46 0.44 NaN NaN NaN NaN
inst3 A 0.02 0.51 0.33 0.16 NaN NaN NaN NaN
M816 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.03 0.11 0.1 0.07 NaN NaN NaN NaN
inst2 A 0.56 0.53 0.55 0.57 NaN NaN NaN NaN
inst3 A 0.15 0.22 0.44 0.14 NaN NaN NaN NaN
M817 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.7 2.79 2.45 0.98 NaN NaN NaN NaN
inst2 A 0.74 0.49 0.24 0.32 NaN NaN NaN NaN
inst3 A 0.04 0.22 0.09 0.04 NaN NaN NaN NaN
M818 semi M2 S2 N2 diur K1 01 P1
inst1 A 1.45 5.49 1.55 2.5 NaN NaN NaN NaN
inst2 A 0.52 0.33 0.48 0.26 NaN NaN NaN NaN
inst3 A 0 0.02 0.01 0 NaN NaN NaN NaN
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M819 semi M2 S2 N2 diur Ki 01 P1
inst1 A 1.25 1.7 0.92 0.49 NaN NaN NaN NaN
inst2 A 0.9 0.67 0.81 0.33 NaN NaN NaN NaN
inst3 A 0.08 0.02 0.03 0.02 NaN NaN NaN NaN
M821 semi M2 S2 N2 diur Ki 01 P1
inst1 A 0.23 5.68 1.04 0.89 NaN NaN NaN NaN
inst2 A 0.48 0.47 0.24 0.33 NaN NaN NaN NaN
inst3 A 0.15 0.63 0.04 0.09 NaN NaN NaN NaN
M822 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.15 0.99 0.98 0.52 NaN NaN NaN NaN
inst2 A 2.4 1.77 1.13 1.73 NaN NaN NaN NaN
inst3 A 0.01 0.05 0.04 0.02 NaN NaN NaN NaN
M824 semi M2 S2 N2 diur KI 01 P1
inst1 A 0.43 3.05 3.08 1.86 NaN NaN NaN NaN
inst2 A 0.53 0.52 0.26 0.59 NaN NaN NaN NaN
inst3 A 0.01 0.29 0.19 0.06 NaN NaN NaN NaN
M839 semi M2 S2 N2 diur K1 01 P1
inst1 A 0.16 0.14 0.14 0.26 0.55 -0.39 -0.26 -0.06
inst3 A 0.07 0.15 0.19 0.22 0.19 -0.09 -0.05 -0.04
inst4 A NaN NaN NaN NaN NaN NaN NaN NaN
M841 semi M2 S2 N2 diur K1 01 P1
inst2 A 0.05 0.06 0.05 0.15 0.07 -0.04 -0.1 -0.09
inst3 A 0.02 0.24 0.12 0.07 0.08 -0.03 -0.03 -0.03
inst4 A 0.38 3.87 3.07 1.56 1.43 -0.59 -0.7 -0.57
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786 37N 65W 16Tpieces 3
Mode ED(U) ED(V) ED(HS) %22 U  
-% CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 11.6143 NaN NaN 81 NaN NaN 11
2 NaN NaN 2.7387 NaN NaN 19 NaN NaN 7
3 NaN NaN 0.0657 NaN NaN 0 NaN NaN 1
4 NaN NaN 0.0037 NaN NaN 0 NaN NaN 0
787 34N 70W 5Uiecls 4Utts8  Upieces 8Tinsts
Mode ED(U) ED(V) ED(HS) % %V %h2 CONS
0 28.9581 19.9838 NaN 78 81 NaN 47 42 NaN NaN
1 4.7489 3.7332 1538627.7808 13 15 14 39 69 17 0
2 0.0941 0.2865 8000195.946 0 1 75 3 16 17 0
3 2.5318 0.713 1073623.7896 7 3 10 42 37 17 0
4 0.7937 0.0582 51661.5544 2 0 0 14 1 17 0
788 34N 70W 12 Upieces 12Ui8 sts 12Tieces 13Tinsts
Mode ED(U) ED(V) ED(HS) % %v2  %h2  9 2 CONS
0 40.818 3.1073 NaN 77 31 NaN 96 57 NaN NaN
1 9.8115 5.299 4.626 19 53 79 40 23 12 6.5
2 1.9562 1.1562 0.47 4 11 8 25 17 4 13.1
3 0.0311 0.0235 0.3684 0 0 6 1 1 3 0.3
4 0.3323 0.4733 0.3557 1 5 6 13 17 7 4.5
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792 34N 70W 3Upieces 4Uirsts 3Tpteces 6TIlsts
2 22 h'Mode ED(U) ED(V) ED(HS) %U2  %v2  %h 2  CONS
_ _ __ 
_ 
_ 72 112 h,2
0 35.3349 7.1994 NaN 62 33 NaN 56 8 NaN NaN
1 0.3067 1.9143 1192.9193 1 9 22 17 32 26 0
2 8.993 5.8314 3674.3744 16 27 67 76 25 40 1
3 4.7273 3.5424 536.8797 8 16 10 59 23 17 0
4 7.5561 3.2846 41.9627 13 15 1 96 19 9 0.1
793 39N 152W 23Upie(es 3Unsts 2 3 Tpteces 3Tinlsts
%,U2 2 2 2 -2 1Mode ED(U) ED(V) ED(HS) %' 2  %v2  %h2  CONS
0 168.9342 533.8263 NaN 78 86 NaN 87 95 NaN NaN
1 17.4915 56.0211 44.4181 8 9 38 31 56 36 4.1
2 23.4767 20.244 50.1872 11 3 43 53 52 45 2.1
3 5.4049 7.0532 16.779 3 1 14 50 61 24 1.8
4 0.1495 0.3111 4.871 0 0 4 56 69 31 0.2
794 35N 152W 23Upjeces 3Uznsts 2 3 Tpieces 3Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h 2  CONS
0 73.8013 320.2797 NaN 49 76 NaN 87 97 NaN NaN
1 76.1758 100.0745 12.0345 50 24 55 61 67 18 30.4
2 0.789 0.0204 8.452 1 0 39 2 0 13 0.2
3 0.3481 0.5563 0.3419 0 0 2 8 14 2 5.5
4 0.1557 0.1841 1.0719 0 0 5 14 19 15 0.7
795 41N 175W 1lUpeces 3Uitsts 11Tpieces 3Tinsts
Mode ED(U) ED(V) ED(HS) %U2 %v2 %h2  ± E i-CONS
,2 p,2 2
0 268.7204 78.7545 NaN 88 77 NaN 92 76 NaN NaN
1 16.0967 4.7471 39.6104 5 5 41 32 16 17 1.4
2 14.4386 12.6348 31.2259 5 12 33 55 57 8 2.3
3 5.8448 5.324 22.7111 2 5 24 51 56 12 1.3
4 0.5098 0.5108 2.2888 0 1 2 47 50 7 1.2
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797 35N 175W 1lUpieces 3Uinsts 11Tpieces 3Tin__ss
Mode ED(U) ED(V) ED(HS) %u 2  %v 2  %h2  CONS
0 130.0228 136.4688 NaN 75 95 NaN 91 90 NaN NaN
1 12.7681 6.1 200.0074 7 4 48 32 19 77 0.2
2 19.1656 1.4461 3.3862 11 1 1 37 4 5 12.6
3 10.6164 0.048 200.2817 6 0 48 47 0 53 0.1
4 0.0133 0.006 15.6746 0 0 4 30 12 25 0
798 31N 175W 11Upieces 3Uinsts 11Tpieces 3Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v 2  %h2  CONS
0 136.7496 149.2446 NaN 45 84 NaN 79 89 NaN NaN
1 50.7392 5.229 182.9539 17 3 22 40 12 22 0.5
2 100.2976 21.1672 553.2719 33 12 66 62 40 35 0.4
3 12.0684 1.9989 72.1335 4 1 9 54 28 15 0.3
4 1.9811 0.4344 35.6291 1 0 4 43 26 29 0.1
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825 35N 175W 11Upieces 3Uirsts 11Tpieces 3Tit___
Mode ED(U) ED(V) ED(HS) %U2  %v2  % 2  CONS
0 248.1282 294.5569 NaN 67 73 NaN 91 92 NaN NaN
1 117.2663 72.8541 93.1524 32 18 22 78 84 46 4.3
2 0.9525 28.7016 227.7033 0 7 54 3 45 72 0.3
3 1.5902 5.258 49.3821 0 1 12 13 30 17 0.3
4 0.0416 0.0458 55.2668 0 0 13 68 68 51 0
826 39N 175W 11Upieces 3Uit 11Tpieces 3Tis__
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
0 108.814 35.8988 NaN 75 66 NaN 91 79 NaN NaN
1 8.8185 4.8188 3.3189 6 9 17 26 11 4 10.1
2 21.7442 9.5811 13.3998 15 18 68 44 24 11 5.7
3 6.2876 3.881 1.8941 4 7 10 34 22 3 13.1
4 0.3429 0.2506 0.9651 0 0 5 35 28 8 1.5
827 41N 175W 11Upieces 3 Uints 11Tpiece, 3Tinsts
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
0 202.9037 59.0761 NaN 96 70 NaN 96 87 NaN NaN
1 1.1626 7.6766 25.3022 1 9 52 5 25 16 0.9
2 4.2558 10.4398 17.5584 2 12 36 33 46 7 2.2
3 3.1185 6.2945 2.0768 1 7 4 45 54 1 12.1
4 0.2593 0.7003 3.4792 0 1 7 33 49 16 0.7
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553 32N 64W 5Upieces 3Uinss 5Tpie(es 3Tinsts
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h 2CONS
0 123.8993 46.0429 NaN 73 52 NaN 88 79 NaN NaN
1 30.9728 17.6681 47.4771 18 20 87 87 84 68 2.9
2 11.2565 9.6952 4.7698 7 11 9 45 58 55 1.5
3 1.4889 14.5934 0.821 1 16 2 4 50 18 2.3
4 1.3715 0.6728 1.3577 1 1 2 63 60 13 0.7
610 35N 55W 8Upieces 4Uinsts 8Tpieces 4Tinss
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  CONS
0 146.793 85.5534 NaN 87 87 NaN 99 96 NaN NaN
1 8.3784 6.9119 42.0916 5 7 47 33 23 43 0.8
2 13.7769 4.693 33.086 8 5 37 57 46 46 1.2
3 0.2811 0.3365 12.0604 0 0 14 7 7 24 0.1
4 0.063 0.4412 1.8048 0 0 2 3 11 5 0.6
611 35N 55W 8 Upieces 3Uinsts 6 Tpiece- 4Tit.sts
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h 2  CONS
0 97.5739 63.6203 NaN 86 80 NaN 83 80 NaN NaN
1 7.7513 11.7809 27.5343 7 15 47 53 55 34 1.6
2 4.7574 0.8297 29.2156 4 1 49 58 23 14 0.5
3 1.8231 2.5803 1.0672 2 3 2 71 55 7 11.2
4 0.9019 0.4627 1.2804 1 1 2 33 20 2 3.5
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612 32N 55W 8Upieces 7Uinsts 8 Tpieces 8Tinse _
-22 -2Mode ED(U) ED(V) ED(HS) %u2  %v 2  %h 2  CONS
0 76.2889 575.7559 NaN 2 8 NaN 32 70 NaN NaN
1 3040.5896 4464.9035 4.8475 66 60 7 75 73 17 2825
2 636.8771 1049.9446 20.8235 14 14 30 76 75 48 146.1
3 640.6548 1028.0389 38.1314 14 14 56 80 79 59 79.5
4 185.6433 269.1782 4.9013 4 4 7 87 83 22 168.5
617 31N 75W 11Upieces 3Uinsts 11TpIeces 3Tsts
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  -2 - CONS
0 60.7688 16.769 NaN 67 59 NaN 98 91 NaN NaN
1 24.177 7.9379 29.9189 27 28 68 71 49 43 1.9
2 4.636 2.0827 7.8839 5 7 18 64 48 31 1.5
3 0.5802 1.1966 0.5738 1 4 1 25 37 14 5.4
4 0.191 0.3921 5.4175 0 1 12 26 38 23 0.2
618 31N 74W llUpieces 3Uistts 3 Tpwcces 3Tinss
%U22 -2 -2Mode ED(U) ED(V) ED(HS) % 2  %h2  - - CONS
0 15.4809 10.1969 NaN 98 71 NaN 51 46 NaN NaN
1 0.2169 0.8035 20.5199 1 6 58 3 15 54 NaN
2 0.0323 1.5012 11.3176 0 10 32 0 11 81 NaN
3 0.003 0.2772 0.3056 0 2 1 0 14 17 NaN
4 0.0105 1.5604 3.1926 0 11 9 0 14 48 NaN
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323 34N 70W 1Upieces 4Uirists
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h 2  CONS
_ _ __ _21 7,2 h_
0 14.6908 31.2752 NaN 20 34 NaN 100 100 NaN NaN
1 38.5749 47.1648 NaN 53 51 NaN 100 100 NaN NaN
2 17.9179 9.0437 NaN 24 10 NaN 100 100 NaN NaN
3 1.9168 3.4487 NaN 3 4 NaN 100 100 NaN NaN
4 0.2273 1.3787 NaN 0 1 NaN 100 100 NaN NaN
481 28N 70W 3T,_ece_ 6Tists
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
_ _1 7h22f
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 21.5303 NaN NaN 81 NaN NaN 72
2 NaN NaN 0.4011 NaN NaN 2 NaN NaN 3
3 NaN NaN 2.8498 NaN NaN 11 NaN NaN 43
4 NaN NaN 1.9596 NaN NaN 7 NaN NaN 20
482 28N 69W 3 Tpieces 4Ti _ __ _
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 20.9904 NaN NaN 6 NaN NaN 70
2 NaN NaN 99.3504 NaN NaN 28 NaN NaN 62
3 NaN NaN 210.6827 NaN NaN 59 NaN NaN 55
4 NaN NaN 26.9213 NaN NaN 8 NaN NaN 54
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483 29N 68W 3Tpjeces 3Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 4.6249 NaN NaN 77 NaN NaN 46
2 NaN NaN 1.207 NaN NaN 20 NaN NaN 41
3 NaN NaN 0.1954 NaN NaN 3 NaN NaN 11
4 NaN NaN 0.0051 NaN NaN 0 NaN NaN 1
485 27N 68W 3 Tpieces 8Tinrss
Mode ED(U) ED(V) ED(HS) %U2  %v 2  %h2  L CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 11.7924 NaN NaN 41 NaN NaN 48
2 NaN NaN 3.4901 NaN NaN 12 NaN NaN 25
3 NaN NaN 7.3879 NaN NaN 26 NaN NaN 39
4 NaN NaN 6.1677 NaN NaN 21 NaN NaN 28
491 39N 70W 3Upieces 4U _____s_
Mode ED(U) ED(V) ED(HS) %u2  %v2  % 2  ONS
_U?2 17 CONS
0 62.3224 8.8249 NaN 96 70 NaN 96 77 NaN NaN
1 0.3141 1.6063 NaN 0 13 NaN 2 9 NaN NaN
2 1.1866 0.856 NaN 2 7 NaN 14 11 NaN NaN
3 0.5423 0.0518 NaN 1 0 NaN 22 8 NaN NaN
4 0.4554 1.2855 NaN 1 10 NaN 62 64 NaN NaN
493 29N 70W 2Tpieces 3Tintss
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 1.0819 NaN NaN 21 NaN NaN 9
2 NaN NaN 2.771 NaN NaN 53 NaN NaN 40
3 NaN NaN 0.6045 NaN NaN 12 NaN NaN 73
4 NaN NaN 0.7763 NaN NaN 15 NaN NaN 65
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501 29N 69W 2 Tpieces 3Ttsts
2 %1 - 2 -,,2Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 26.4806 NaN NaN 88 NaN NaN 57
2 NaN NaN 2.4669 NaN NaN 8 NaN NaN 37
3 NaN NaN 0.9774 NaN NaN 3 NaN NaN 70
4 NaN NaN 0.2336 NaN NaN 1 NaN NaN 42
506 39N 70W 5Upieces 3Ui8 _ss
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
0 93.208 8.3221 NaN 85 28 NaN 97 74 NaN NaN
1 5.6144 15.6509 NaN 5 52 NaN 45 52 NaN NaN
2 2.4608 0.5082 NaN 2 2 NaN 65 29 NaN NaN
3 7.1507 5.0451 NaN 6 17 NaN 86 65 NaN NaN
4 1.821 0.611 NaN 2 2 NaN 81 54 NaN NaN
509 39N 71W 5Upieces 3U _ss
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
0 28.4466 4.4181 NaN 65 29 NaN 95 70 NaN NaN
1 11.9922 7.5895 NaN 27 50 NaN 43 27 NaN NaN
2 1.9547 1.3199 NaN 4 9 NaN 69 55 NaN NaN
3 1.1111 1.5564 NaN 3 10 NaN 51 71 NaN NaN
4 0.2539 0.1486 NaN 1 1 NaN 62 37 NaN NaN
523 39N 70W 7 Upieces 3Uirsts 7 Tieces 3Tinsjs
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  2 _ CONS
0 54.9505 5.311 NaN 69 13 NaN 97 79 NaN NaN
1 22.6739 32.2214 65.6486 28 79 85 59 71 16 2.1
2 0.2055 0.2566 3.3464 0 1 4 14 33 15 0.3
3 1.9289 2.939 3.2713 2 7 4 52 60 6 3.7
4 0.022 0.0485 5.3913 0 0 7 5 16 3 0
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524 39N 70W 7 Upieces 5Unses 7Tpjeces 5Tins_ _
E D 'H Ss c-2 c 0 /2st v2 
-,V2C O NMode ED(U) ED(V) ED(HS) %L2 %V2 %12 CONS
0 49.1816 6.1752 NaN 73 46 NaN 89 65 NaN NaN
1 1.3147 3.2215 16.7826 2 24 78 1 6 38 0.7
2 4.752 2.7751 0.5778 7 21 3 5 5 4 32.1
3 4.1475 0.5497 4.2135 6 4 20 7 2 38 2.8
4 7.5706 0.6053 0.0323 11 5 0 12 2 2 625.9
542 28N 70W 6 Upieces 3U 
_ts
Mode ED(U) ED(V) ED(HS) %U2  %v2  %2 - CONS
0 62.7916 38.9163 NaN 83 68 NaN 98 98 NaN NaN
1 10.9286 13.0967 NaN 14 23 NaN 62 53 NaN NaN
2 1.7849 3.6601 NaN 2 6 NaN 32 47 NaN NaN
3 0.1418 1.5496 NaN 0 3 NaN 24 64 NaN NaN
4 0.1178 0.0668 NaN 0 0 NaN 59 40 NaN NaN
543 28N 65W 7Tpieces 3Tnsts
Mode ED(U) ED(V) ED(HS) %U2  %'2  %2 2 CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 8.1335 NaN NaN 78 NaN NaN 40
2 NaN NaN 1.9628 NaN NaN 19 NaN NaN 31
3 NaN NaN 0.2306 NaN NaN 2 NaN NaN 4
4 NaN NaN 0.0439 NaN NaN 0 NaN NaN 9
545 28N 56W 7Tpieces 3Titss
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 80.5656 NaN NaN 75 NaN NaN 74
2 NaN NaN 12.3232 NaN NaN 11 NaN NaN 56
3 NaN NaN 15.0865 NaN NaN 14 NaN NaN 42
4 NaN NaN 0.1289 NaN NaN 0 NaN NaN 29
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546 28N 55W 7Upieces 4Uinsts 9Tpieces 3Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  CONS
0 123.6104 230.2055 NaN 79 85 NaN 97 99 NaN NaN
1 18.7412 31.5409 45.6 12 12 67 80 85 72 2
2 0.7639 3.007 9.2556 0 1 14 11 27 42 1
3 8.1609 5.3797 13.2835 5 2 19 64 36 31 1.4
4 4.6167 1.3647 0.1477 3 1 0 53 19 31 84
547 28N 55W 7Upieces 4Urse8  9 Tpieces 3Tinses
Mode ED(U) ED(V) ED(HS) %V -£ CONS
0 108.8243 161.422 NaN 63 73 NaN 99 99 NaN NaN
1 21.5862 23.6783 55.4913 13 11 68 61 57 86 1.2
2 7.1205 5.3853 7.6124 4 2 9 63 59 39 1.9
3 18.7285 15.112 17.966 11 7 22 82 56 44 2.2
4 15.2713 14.4012 0.1041 9 7 0 88 66 37 303.4
548 31N 60W 7Upieces 3Uinsts 9 Tpieces 4Ti __ss
U2 -,2 T2Mode ED(U) ED(V) ED(HS) %U2 %v2 %/2 - CONS
0 131.5041 70.5707 NaN 74 39 NaN 97 95 NaN NaN
1 30.2087 96.7208 35.6446 17 54 38 49 81 18 5.5
2 12.4034 9.399 56.4252 7 5 60 53 53 65 0.7
3 3.8954 3.0342 1.2052 2 2 1 69 62 5 3.5
4 0.295 1.009 1.1991 0 1 1 34 76 2 0.4
549 34N 60W 8Upieces 3Uises 8Tpieces 3Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  CONS
0 131.6033 75.5746 NaN 88 85 NaN 98 98 NaN NaN
1 15.3343 9.5175 39.0118 10 11 35 53 43 56 1.3
2 2.29 3.6823 50.4766 2 4 45 23 40 42 0.2
3 0.2701 0.1825 21.5431 0 0 19 93 90 56 0
4 0.4654 0.2848 0.4951 0 0 0 35 30 16 3
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554 32N 65W 9Upieces 3Uinsts 9 Tpieces 4Tinsts
Mode ED(U) ED(V) ED(HS) %%2  2 %h2 CONS
0 26.7066 78.1732 NaN 52 73 NaN 36 68 NaN NaN
1 10.4698 25.4967 68.9164 20 24 72 56 87 67 1
2 0.4058 0.7893 17.3924 1 1 18 5 14 28 0.1
3 11.2606 1.2799 3.2356 22 1 3 30 5 12 7.3
4 2.6272 1.0856 5.7422 5 1 6 40 20 14 1.2
555 33N 64W 3Upieces 5Uinsts 6Tpieces 5Tsts
Mode ED(U) ED(V) ED(HS) %U2  V %h2  - - CONS
0 103.2741 87.0176 NaN 67 38 NaN 89 80 NaN NaN
1 21.6872 30.9803 106.2651 14 13 52 54 57 84 1.1
2 20.6472 28.1041 71.3895 13 12 35 48 34 68 0.4
3 4.2629 1.5177 0.9661 3 1 0 50 8 2 1.3
4 5.1696 81.9631 25.976 3 36 13 25 68 66 3.3
557 36N 55W 7Upiece8 4Uifts 7 Tpieces 10Tinss
Mode ED(U) ED(V) ED(HS) %%2 %2 %2 - CONS
0 163.1567 83.1433 NaN 95 92 NaN 96 95 NaN NaN
1 3.2477 2.6464 152.3523 2 3 49 18 12 79 0.1
2 2.2308 3.7343 55.5149 1 4 18 14 29 79 0.3
3 1.9627 0.2116 52.0507 1 0 17 29 5 58 0.1
4 0.3547 0.5035 53.7492 0 1 17 9 16 80 0
558 36N 55W 7Tpieces 4Tilrts[s
Mode ED(U)
NaN
NaN
NaN
NaN
NaN
ED(V)
NaN
NaN
NaN
NaN
NaN
ED(HS)
NaN
56.9204
42.3572
44.8446
72.0465
%U2
NaN
NaN
NaN
NaN
NaN
%v2
NaN
NaN
NaN
NaN
NaN
NaN
26
20
21
33
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
NaN
46
60
50
52
CONS I
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559 36N 54W 5Upieces 3 Uinsts 5Tpieces 4 Tintsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  CONS
0 154.5163 70.5911 NaN 89 74 NaN 98 93 NaN NaN
1 9.4357 17.588 12.6204 5 18 19 26 43 24 4.9
2 7.502 5.1794 46.0196 4 5 70 54 62 61 0.6
3 1.4147 2.4001 1.2191 1 3 2 36 61 10 7.2
4 0.0637 0.1476 5.606 0 0 9 25 50 29 0.1
564 37N 55W 7 Upieces 4 Uinsts 7 Tpieces 5Tinsts
Mode ED(U) ED(V) ED(HS) %n2  %v2  %h 2  CONSIL 21V2 __
0 163.3593 57.1062 NaN 96 87 NaN 94 92 NaN NaN
1 2.0883 4.9685 8.1373 1 8 8 21 62 8 1.5
2 3.2854 2.7825 29.7802 2 4 30 39 39 18 0.4
3 0.09 0.2029 16.6951 0 0 17 7 9 13 0
4 0.5421 0.5848 45.4128 0 1 45 50 38 24 0
565 36N 55W 7 Upieces 3 Uinsts 7 Tpie.es 7Tinsts
Mode ED(U) ED(V) ED(HS) %' 2  %v2  %h2  y 0 CONS
0 105.0659 44.1058 NaN 89 85 NaN 85 66 NaN NaN
1 8.3823 6.2339 86.9266 7 12 25 42 27 87 0.5
2 1.5562 0.0379 34.8015 1 0 10 11 0 44 0.8
3 1.3064 1.3151 94.9433 1 3 27 47 40 66 0
4 1.262 0.3128 131.7427 1 1 38 19 5 74 0
566 35N 55W 7 Upieces 4 Ujrnsts 7Tpieces 5Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h 2  CONS1172 hL__
0 154.7971 93.5964 NaN 97 88 NaN 98 96 NaN NaN
1 0.77 9.4808 25.0841 0 9 19 4 51 52 0.9
2 4.1734 2.0211 52.1113 3 2 40 27 29 16 0.2
3 0.2778 0.7785 4.2145 0 1 3 6 17 10 0.5
4 0.1353 0.0599 50.4041 0 0 38 1 1 20 0
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567 32N 55W 4Upieces AUinsts 4 Tpieces 5Tinsts
Mode ED(U) ED(V) ED(HS) %1 2  %v 2  %h 2  CONS
__ ,2L 712 h2k
0 137.9897 177.8669 NaN 88 91 NaN 99 99 NaN NaN
1 11.806 5.6072 16.1477 7 3 14 54 34 56 2
2 1.2519 8.0973 71.1384 1 4 62 22 56 74 0.2
3 3.2362 2.7087 4.0577 2 1 4 64 43 22 2.7
4 3.2184 0.9176 23.6483 2 0 21 75 29 56 0.3
568 36N 59W 2 UpIeces 4UIsts 2 Tpieces 5Tinsts
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  - - CONS
0 85.6425 43.4946 NaN 76 52 NaN 98 80 NaN NaN
1 3.5336 6.4178 29.1686 3 8 26 45 70 87 0.7
2 15.2192 25.716 32.191 13 31 29 66 72 74 3.2
3 5.5249 4.4375 36.0033 5 5 32 64 78 58 0.6
4 3.0508 3.361 13.5486 3 4 12 98 93 79 1.1
578 36N 54W 9Upieces 4Uinsts 8Tpieces 5Tstis_
Mode ED(U) ED(V) ED(HS) %u2  %v 2  %h2  CONS
0 146.641 75.2992 NaN 78 79 NaN 95 94 NaN NaN
1 20.9789 13.4968 15.6828 11 14 16 49 41 40 4
2 19.9453 4.6672 74.8101 11 5 78 40 23 28 0.9
3 1.0787 1.4014 2.0141 1 1 2 6 8 6 3.9
4 0.3252 0.4629 3.6341 0 0 4 3 6 3 0.6
579 36N 55W 9Upieces 4Uins8 8  7Tpieces 7Tiis_
Mode ED(U) ED(V) ED(HS) %U2 %v2  %h2  CONS
0 163.4534 75.7208 NaN 83 81 NaN 97 92 NaN NaN
1 25.5556 10.2912 95.246 13 11 74 69 32 55 0.9
2 6.2438 6.5356 1.4139 3 7 1 21 28 3 23.3
3 0.0746 1.2052 20.6484 0 1 16 1 19 48 0.1
4 0.9334 0.0282 10.6335 0 0 8 25 1 19 0.4
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580 32N 55W 5Upieces 4Uinsts 5Tpieces 5Tintsts
%U2 2 a2 -2 TMode ED(U) ED(V) ED(HS) %u 2  %v2  %h2  CONS
0 152.4334 198.052 NaN 92 91 NaN 97 99 NaN NaN
1 5.9774 5.6495 36.6187 4 3 27 35 18 70 0.6
2 6.6332 7.1868 70.2122 4 3 52 37 20 76 0.4
3 0.551 6.1235 11.9411 0 3 9 4 28 54 1
4 0.1455 0.7895 15.8647 0 0 12 2 11 30 0.1
581 35N 55W 2 Upieces 4Uinsts 10Tpece, 5Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  CONS
0 142.5321 96.4506 NaN 92 76 NaN 100 98 NaN NaN
1 1.816 16.0438 15.1014 1 13 63 37 87 31 0.8
2 5.2863 10.4451 5.3185 3 8 22 27 53 3 1.8
3 3.5043 2.777 0.7263 2 2 3 70 69 5 3.1
4 1.418 0.3745 3.002 1 0 12 15 8 4 0.2
583 36N 55W 5Upieces 3Ui-ses 9Tieces 7Tinss
Mode ED(U) ED(V) ED(HS) %1 2  %V2 %h2 CONS
0 155.2669 70.6122 NaN 88 83 NaN 97 99 NaN NaN
1 2.1885 1.2686 11.701 1 1 1 21 18 4 0.2
2 17.3511 10.9786 206.3761 10 13 16 73 63 31 0.1
3 0.8708 1.882 821.7379 0 2 62 7 25 36 0
4 0.1511 0.2948 283.2267 0 0 21 5 17 38 0
597 ON 53E 6Up jeces 3Uins ts 6 Tieces 3Tins ts
Mode ED(U) ED(V) ED(HS) %1 2  %V2 %1 2  2 -2CONS
0 456.9241 148.6671 NaN 94 86 NaN 96 94 NaN NaN
1 25.1282 10.7436 330.2478 5 6 82 50 49 66 0.1
2 1.0592 2.5064 21.3599 0 1 5 21 46 32 0.2
3 1.4443 9.0233 0.2889 0 5 0 8 49 2 35.9
4 0.1271 1.4786 51.4854 0 1 13 4 33 40 0
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598 36N 59W 7 Upieces 3Uinsts 7Tpieces 3Tnsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  - - L CONS
112 172 h2
0 95.7988 42.4111 NaN 89 55 NaN 96 90 NaN NaN
1 1.2786 7.3107 68.5067 1 10 87 6 27 58 0.3
2 10.0598 25.8603 0.4668 9 34 1 40 70 1 164.4
3 0.8724 0.8688 1.8461 1 1 2 5 7 17 2
4 0.0316 0.0217 7.5417 0 0 10 1 1 37 0
600 36N 55W 7Tpieces 5Tnises
Mode ED(U) ED(V) ED(HS) %2 %v2  %h2  CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 6.8125 NaN NaN 4 NaN NaN 5
2 NaN NaN 20.7688 NaN NaN 13 NaN NaN 16
3 NaN NaN 71.8973 NaN NaN 46 NaN NaN 13
4 NaN NaN 56.3082 NaN NaN 36 NaN NaN 18
601 36N 54W 7 Upieces 4Unsts 7Tpteces 4Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2 CONS
0 171.6802 101.4984 NaN 78 74 NaN 94 94 NaN NaN
1 21.1671 28.4477 39.8149 10 21 21 74 76 39 1.6
2 25.9838 5.3776 34.0911 12 4 18 51 28 58 1.5
3 0.411 0.4433 70.7087 0 0 37 6 6 38 0
4 0.4359 1.1663 44.4977 0 1 24 7 19 23 0.1
606 37N 55W 8Upieces 3Uinsts 8Tpieces 3T 
_ss
Mode ED(U) ED(V) ED(HS) %u2  %v2  %72 -V2 -h CONS
2 p2 h2
0 164.9534 57.9518 NaN 93 79 NaN 95 89 NaN NaN
1 4.4228 7.0401 36.8064 2 10 28 31 36 15 0.7
2 2.5752 0.0956 61.829 1 0 46 20 1 17 0.1
3 5.7168 7.2818 14.6758 3 10 11 35 37 17 2
4 0.5593 0.9263 19.8233 0 1 15 34 41 16 0.2
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607 37N 55W 4 Upieces 4 Uinsts 4 Tpieces 4Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  CONS
0 158.7113 61.7662 NaN 81 77 NaN 97 91 NaN NaN
1 13.1893 9.1895 15.4846 7 11 20 24 34 24 3.2
2 20.6982 3.6209 36.3291 11 5 48 59 23 58 1.5
3 1.1791 3.463 7.2325 1 4 10 37 46 28 1.4
4 1.4962 2.3236 17.0432 1 3 22 25 28 56 0.5
608 36N 55W 8 Upieces 3Uinsts 8 Tpieces 7T __ss
Mode ED(U) ED(V) ED(HS) % 2  %v 2  %h2  CONS
0 154.4778 127.4064 NaN 89 90 NaN 70 81 NaN NaN
1 12.8002 10.3789 29.1008 7 7 30 40 36 25 1.7
2 5.1436 1.2331 21.276 3 1 22 22 15 31 0.6
3 1.2261 2.8563 32.8051 1 2 34 12 33 34 0.3
4 0.1901 0.3297 14.5196 0 0 15 2 9 17 0.1
620 31N 73W 11Upieces 3Uinses 11Tpieces 3Tiss
Mode ED(U) ED(V) ED(HS) %u 2  %v2  %h2  T CONS
0 66.6341 7.552 NaN 92 76 NaN 76 41 NaN NaN
1 2.2304 0.612 12.6565 3 6 61 16 13 59 0.4
2 3.5558 1.4755 7.4946 5 15 36 11 12 61 1.2
3 0.2301 0.0383 0.2623 0 0 1 4 1 13 1.8
4 0.0632 0.2167 0.3296 0 2 2 0 2 23 1.5
623 27N 41W 11Upieces 3U 8ists 9 Tpieces Tjtsts
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
0 223.2709 450.4462 NaN 93 98 NaN 97 99 NaN NaN
1 2.6062 7.1933 33.9031 1 2 43 15 32 63 NaN
2 9.3184 2.3285 10.5966 4 1 13 44 14 28 NaN
3 3.7936 1.3067 19.8577 2 0 25 48 22 49 NaN
4 0.2995 0.032 15.0358 0 0 19 44 7 71 NaN
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624 27N 41W 5Upjeces 3Uirsts 11Tp*eces 4Tinsts
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
0 200.6088 493.8749 NaN 92 94 NaN 98 99 NaN NaN
1 13.9317 26.1055 140.0828 6 5 80 50 73 85 NaN
2 0.3833 3.7562 2.0113 0 1 1 9 70 6 NaN
3 3.2051 2.377 12.5297 1 0 7 43 42 53 NaN
4 0.0182 0.3 19.9582 0 0 11 7 75 59 NaN
625 27N 40W 11Upeces 3Uin 8ses lTpieces 4Tiss
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h 2  - - I CONS
0 251.8995 540.7159 NaN 88 91 NaN 94 96 NaN NaN
1 19.1861 32.2139 76.1932 7 5 43 48 48 73 NaN
2 10.7159 13.4952 5.5926 4 2 3 53 44 15 NaN
3 5.2142 9.5996 87.9866 2 2 49 59 64 80 NaN
4 0.4389 0.786 8.6943 0 0 5 56 61 52 NaN
626 27N 41W 3 Upieces 3Uists 3 Tpieces 5Tinset
Mode ED(U) ED(V) ED(HS) %n2  %v2  %/ 2  CONS
0 252.5167 603.0614 NaN 90 87 NaN 99 98 NaN NaN
1 5.9291 63.4799 36.3157 2 9 21 14 61 38 3.2
2 16.0023 16.8766 28.7048 6 2 16 61 47 56 1.8
3 6.3201 10.355 96.4599 2 1 55 56 61 74 0.3
4 1.0315 2.1981 12.7523 0 0 7 49 66 55 0.4
663 OS 58E 12 Upieces 3 Uists 12 Tieces 3TinssI
Mode ED(U) ED(V) ED(HS) %u2  %v 2  %h 2  - - CONS
0 110.554 221.0461 NaN 93 91 NaN 33 47 NaN NaN
1 5.3179 0.2911 15.1836 4 0 73 47 3 20 0.4
2 1.2962 2.471 3.8019 1 1 18 3 7 15 1
3 1.1899 18.0418 0.7388 1 7 4 2 23 5 25.8
4 0.2254 1.0157 1.0541 0 0 5 1 9 6 1.2
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673 37N 42W 13Upieces 3Uinss 13 Tieces 3Tinsts
Mode ED(U) ED(V) ED(HS) %u 2  %v2  %h2  f E CONS
U2L 172 10L
0 403.7373 184.514 NaN 96 91 NaN 98 93 NaN NaN
1 11.9568 14.3202 23.7749 3 7 82 21 23 36 2.5
2 1.4751 1.5734 0.7766 0 1 3 15 15 1 8.8
3 1.3402 1.7807 2.5926 0 1 9 24 35 6 2.7
4 0.1331 0.1109 2.0018 0 0 7 26 20 9 0.3
677 39N 44W 5Upiece s tsU 8  5Tpieces 5Tiss
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  CONS
0 406.5899 119.3808 NaN 92 69 NaN 99 97 NaN NaN
1 10.6948 22.1634 8.2756 2 13 8 41 54 37 9.8
2 17.1175 25.2437 17.5637 4 15 17 35 34 30 5.9
3 6.949 3.4813 64.1393 2 2 62 15 14 23 0.4
4 2.3333 2.5037 13.0253 1 1 13 2 3 13 0.9
678 39N 46W 12 Upieces 4Uinsts 12 Tpieces 3Tins_
Mode ED(U) ED(V) ED(HS) %U2  %v2  %h2  CONS
0 233.7208 83.1006 NaN 23 57 NaN 97 95 NaN NaN
1 180.1566 27.1447 3.729 18 19 56 75 38 22 135
2 48.782 12.114 2.3479 5 8 36 72 38 10 62.4
3 163.5441 10.5632 0.2871 16 7 4 70 18 4 1470.2
4 396.4905 12.396 0.2392 39 9 4 69 9 5 4136.3
679 38N 47W 5Upieces 3insts 5Tpieces 3 Tinsts
Mode ED(U) ED(V) ED(HS) %u 2  %v2 %h2 CONS
0 244.238 55.041 NaN 96 93 NaN 99 93 NaN NaN
1 6.9454 1.3465 209.3458 3 2 94 41 17 51 0.1
2 3.8906 2.7273 3.5942 2 5 2 12 9 8 4.3
3 0.1909 0.1186 8.4426 0 0 4 8 4 22 0.1
4 0.0883 0.0093 0.45 0 0 0 28 3 12 0.5
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680 39N 47W 12 Upjeces 3Uj.jses 12T eces 3Tinses
Mode ED(U) ED(V) ED(HS) %72  %v2  %h 2  - CONS
0 270.0053 60.4112 NaN 97 92 NaN 98 91 NaN NaN
1 7.8029 2.5712 13.4778 3 4 63 28 12 16 1.9
2 1.3949 2.0456 7.4401 0 3 35 7 11 10 1.1
3 0.05 0.4375 0.0905 0 1 0 2 16 1 13.2
4 0.0789 0.0317 0.3642 0 0 2 25 13 6 0.7
782 38N 58W 16Tieces 3Tinse
Mode ED(U) ED(V) ED(HS) %02 %v2  %h2  -  L CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 20.1898 NaN NaN 37 NaN NaN 15
2 NaN NaN 33.1622 NaN NaN 60 NaN NaN 34
3 NaN NaN 1.2618 NaN NaN 2 NaN NaN 3
4 NaN NaN 0.2815 NaN NaN 1 NaN NaN 5
784 37N 63W 16Uieces 3Uvrists 16Tpieces 3Tin ss
Mode ED(U) ED(V) ED(HS) %V2 %v2  %h2  CONS
0 71.1154 29.5706 NaN 96 84 NaN 94 88 NaN NaN
1 2.4493 4.3595 10.2351 3 12 81 14 19 12 1.5
2 0.5053 0.8446 0.9192 1 2 7 8 11 3 3.2
3 0.1638 0.2333 1.2097 0 1 10 16 23 11 0.7
4 0.0256 0.0409 0.2801 0 0 2 17 21 9 0.5
800 39N 175E 1oTpieces 3Tiasts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  - - L CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 851.0377 NaN NaN 21 NaN NaN 58
2 NaN NaN 1776.1358 NaN NaN 44 NaN NaN 59
3 NaN NaN 1296.7527 NaN NaN 32 NaN NaN 62
4 NaN NaN 75.7416 NaN NaN 2 NaN NaN 36
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801 41N 165E 1OTpieces 3Tinsts
Mode ED(U) ED(V) ED(HS) %1 2  %v2  %h2  -f 4 =CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 45.1621 NaN NaN 26 NaN NaN 20
2 NaN NaN 88.6643 NaN NaN 51 NaN NaN 36
3 NaN NaN 36.4807 NaN NaN 21 NaN NaN 43
4 NaN NaN 3.0458 NaN NaN 2 NaN NaN 12
802 39N 165E 1OTpieces 3Tin ____
'- t - -2 TMode ED(U) ED(V) ED(HS) %u2  %v2 %h2 £ £ 4 = CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 141.5303 NaN NaN 27 NaN NaN 20
2 NaN NaN 263.7565 NaN NaN 50 NaN NaN 26
3 NaN NaN 86.2822 NaN NaN 16 NaN NaN 21
4 NaN NaN 32.1378 NaN NaN 6 NaN NaN 25
803 37N 165E 10Tpieces 3Tinsts
Mode ED(U) ED(V) ED(HS) %V2 %v2 %h2  g 2 = CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 770662.8011 NaN NaN 28 NaN NaN 48
2 NaN NaN 1303078.4477 NaN NaN 47 NaN NaN 48
3 NaN NaN 472669.5225 NaN NaN 17 NaN NaN 49
4 NaN NaN 199074.8134 NaN NaN 7 NaN NaN 48
804 35N 165E 10Tpieces 3Tjsts
Mode ED(U) ED(V) ED(HS) %v2  %h 2  - = 4 CONS
0 NaN NaN NaN NaN NaN NaN NaN NaN NaN
1 NaN NaN 32.5917 NaN NaN 31 NaN NaN 11
2 NaN NaN 48.9805 NaN NaN 46 NaN NaN 13
3 NaN NaN 18.7866 NaN NaN 18 NaN NaN 12
4 NaN NaN 5.5656 NaN NaN 5 NaN NaN 15
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806 33N 165E 9Upieces 3Uinsts 9 TpIece 3Tirtss
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2 m 2 = CONS
0 49.6666 30.7857 NaN 79 64 NaN 85 75 NaN NaN
1 12.1876 16.807 23.2011 19 35 12 24 36 6 2.4
2 1.1731 0.7585 129.0983 2 2 68 8 12 13 0
3 0.1567 0.0639 24.6538 0 0 13 4 4 4 0
4 0.0065 0.0032 12.1579 0 0 6 28 32 20 0
815 31N 165E 13 Upieces 3Unrsts 13 Tieces 3Tiusts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  m e _ CONS
0 70.0289 46.4725 NaN 26 50 NaN 84 84 NaN NaN
1 201.1452 46.501 35.5715 74 50 10 83 73 21 12.5
2 1.0111 0.0807 212.9097 0 0 60 6 1 47 0
3 0.3891 0.244 96.8341 0 0 27 10 8 42 0
4 0.0047 0.0025 7.4818 0 0 2 50 41 37 0
816 33N 165E 13Upieces 3UiL stS 13 Tpieces 3Titsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2 2 CONS
0 59.656 35.4812 NaN 77 69 NaN 89 91 NaN NaN
1 11.6063 12.5846 3.5408 15 24 4 28 36 1 13.1
2 4.2816 2.7431 59.089 6 5 66 34 30 17 0.2
3 1.4967 0.8955 5.5258 2 2 6 37 30 1 0.8
4 0.0416 0.0223 21.5431 0 0 24 40 29 7 0
817 35N 165E 12 Upieces 3Uitsts 12Tpieces 3Tinsts
Mode ED(U) ED(V) ED(HS) %U2  %v2 %h2  2 2 L CONS
11242 112
0 67.9762 40.3081 NaN 85 86 NaN 94 92 NaN NaN
1 11.0452 6.4553 189.3286 14 14 36 16 19 38 0.2
2 0.8153 0.1117 216.9855 1 0 42 10 1 23 0
3 0.0853 0.0811 90.3744 0 0 17 4 4 23 0
4 0.01 0.0075 23.8704 0 0 5 27 22 29 0
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818 37N 165E 12 Upieces 3Uinss 12Tpiec(.es 3Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h2  - CONS
0 42.6685 35.4077 NaN 58 68 NaN 84 75 NaN NaN
1 14.8668 4.6027 174.9555 20 9 34 33 14 7 0.3
2 14.3182 10.516 216.5226 20 20 43 40 32 5 0.3
3 0.9056 0.8065 84.4419 1 2 17 37 33 5 0
4 0.5628 0.3666 32.7671 1 1 6 43 30 5 0.1
819 39N 165E 12Uieces 3Uirsts 12Tpieces 3Tinsts
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h 2  - - CONS
0 44.4671 23.593 NaN 42 42 NaN 83 65 NaN NaN
1 59.4981 30.6419 103.9209 57 55 30 71 56 34 2.1
2 0.6432 1.2626 167.2235 1 2 48 3 7 34 0
3 0.1111 0.5292 50.2659 0 1 15 2 13 30 0
4 0.0677 0.0075 23.5597 0 0 7 19 3 39 0
821 41N 165E 12 Upieces 3 12Tpiece8 3Tt 6 8_ ____sts
Mode ED(U) ED(V) ED(HS) %u2 %v2 %h2 - CONS
0 109.3397 34.7513 NaN 33 17 NaN 94 87 NaN NaN
1 218.8227 156.7954 10.4486 65 78 6 90 82 8 97.1
2 4.8026 5.5976 137.321 1 3 75 19 20 41 0.2
3 2.2523 2.2674 30.3116 1 1 16 31 30 30 0.4
4 0.4784 0.409 5.7057 0 0 3 67 60 24 0.4
822 39N 175E 12Upieces 3U 1nsts 12Tieces 3Tirsts
Mode ED(U) ED(V) ED(HS) %u2  % 2  %h2  CONS
0 182.1526 76.5562 NaN 82 61 NaN 93 83 NaN NaN
1 37.5342 47.723 333.4993 17 38 19 50 53 19 0.6
2 3.1082 0.968 776.5667 1 1 45 19 6 22 0
3 0.1922 0.6611 580.3868 0 1 34 5 13 24 0
4 0.0099 0.0214 29.6034 0 0 2 5 11 13 0
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824 31N 175W 11Uieces 3Ujusts 11Tpieces 3Ttsts I
Mode ED(U) ED(V) ED(HS) %u2  %v2  %h 2  -i2 CONS
0 81.9798 101.7332 NaN 18 52 NaN 75 82 NaN NaN
1 103.3727 18.878 732.1892 23 10 32 65 32 41 0.3
2 231.9906 65.5623 1110.5134 51 34 49 86 74 42 0.5
3 32.2595 7.4439 329.001 7 4 15 84 65 29 0.2
4 6.1687 1.6784 95.1161 1 1 4 79 62 45 0.1
839 38S 21E 5Upieces 3Uinsts 13Tieces 3T__ss
Mode ED(U) ED(V) ED(HS) %U2 %v2  %h2  - CONS2 12 h2ON
0 19.2381 6.5736 NaN 96 82 NaN 80 65 NaN NaN
1 0.2255 1.3079 48.4803 1 16 57 2 18 48 0.1
2 0.47 0.0634 34.6426 2 1 41 5 1 52 0
3 0.0643 0.0649 1.3317 0 1 2 12 11 14 0.5
4 0.0156 0.004 0.0332 0 0 0 23 6 3 0.2
841 37S 23E 23Uieces 3Uinsts 20Tpieces 4Tinsts
Mode ED(U) ED(V) ED(HS) %12 %e2 %h2  u= - CONS
0 14.1757 50.7189 NaN 70 87 NaN 75 92 NaN NaN
1 1.8744 3.5592 256.1423 9 6 18 24 39 44 0.2
2 2.1298 2.5442 96.4594 11 4 7 44 36 38 0.1
3 1.2968 0.8923 134.024 6 2 9 57 46 50 0.1
4 0.714 0.6644 946.6691 4 1 66 55 50 49 4.2
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